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Understanding heat transfer in the post-critical heat flux (CHF) flow boiling regime
is important for determining the performance of the heat transfer equipment for various
industrial applications requiring high heat transfer rates, e.g., heat exchangers, boilers,
chemical and nuclear reactors. Liquid can be present in the core of the flow channel in
the form of entrained liquid droplets, especially immediately downstream of film dryout.
These droplets are suspected to provide an important heat transfer mechanism as they
impinge on the heated wall. The objective of the current study is to investigate liquid
contact with the heated wall in this flow region immediately downstream of the film dryout
location. As part of this study a thermal hydraulic test loop (Experimental Vertrel Loop)
was designed and constructed to conduct flow boiling experiments using Vertrel XF as the
heat transfer fluid. A test section, with a rectangular flow geometry to enable a simplified
2D flow field and optical access for flow visualization, was designed and fabricated to study
CHF and developing post-dryout flow boiling. Heater surface mounted thermistors were
developed to facilitate wall temperature measurement and liquid contact detection. CHF
and liquid contact data was collected for twenty different test conditions with exit pressures
ranging from 221 to 287KPa, inlet temperatures ranging from 318 to 339K and mass fluxes
ranging from 1025 to 2050kg/m2s. A data set consisting of over 500 liquid contact fraction
data points was generated for steady-state developing post-dryout flow boiling regime. A
correlation has been developed based on the test data to predict the liquid contact fraction
and enable heat transfer prediction of the transition fromCHF to fully developed post-dryout
flow. The proposed correlation predicts 97% of the liquid contact fraction test data with an
average error of 9.7% and a root mean square error of 11.9%.
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1. INTRODUCTION
1.1. FLOW BOILING
Forced convection boiling flows are present in various industrial applications requir-
ing heat transfer, e.g., heat exchangers, boilers, chemical and nuclear reactors. Accurate
prediction of the temperatures is critical in ensuring safe operation of these systems.
Given a vertical flow channelwith uniformly heatedwallswith liquid flowing upward
through the channel the variation of the wall temperature with heat fluxwill be similar to that
provided in Figure 1.1. The initial mode of heat transfer from the heated wall to the liquid
will be forced convection. If the heat being added is sufficient such that the temperature
of the heated surface (i.e., flow channel wall) exceeds the fluid saturation temperature the
fluid may begin to change phase. When this occurs, bubbles will start to nucleate on the
heated wall, and depending on the temperature of the bulk fluid the bubbles may or may
not collapse as they depart the wall and are entrained in the fluid. If sufficient heat is added
to the fluid the liquid film at the wall may dry out or a vapor blanket may form on the wall.
When this occurs the critical heat flux (CHF) for the system is reached and further heat
addition will cause a rapid change in wall temperature due to the severe degradation in the
heat transfer. Intermittent rewetting of the wall is possible until the Leidenfrost point, Tmin
in Figure 1.1, is reached. Beyond the Leidenfrost point the heated walls are covered with a
vapor blanket and dispersed flow film boiling begins [1–9].
Dispersed flow film boiling beyond CHF in forced convective flow can occur as a
result of two different types of CHF; the dryout of the liquid film present in annular flow, or
the departure from nucleate boiling (DNB) due to formation of a vapor blanket on the wall.
A visual representation of two types of post-CHF flow regimes is provided in Figure 1.2.
Dryout CHF is generally encountered for the case of low wall heat flux and is typically
2Figure 1.1. Variation of wall temperature as a function of wall heat flux.
succeeded by the dispersed flow film boiling regime. DNB is caused by a high rate of vapor
generation at the wall due to high wall heat fluxes and is typically succeeded by the inverted
annular flow regime. Due to the higher wall heat flux the wall temperature rise resulting
from DNB can be much greater than the temperature rise resulting from dryout CHF and
can potentially lead to the failure of the heating surface [1–9].
The scope of this work was limited to dryout CHF and the transition to the fully
developed dispersed (droplet) flow regime. This transition to the fully developed dispersed
flow regime is herein referred to as the developing post-dryout flow regime.
3Figure 1.2. Post-CHF flow patterns. Departure from nucleate boiling leading to an inverted
annular flow regime (left). Dryout of the liquid film on the wall leading to a dispersed flow
film boiling flow regime (right) [7].
1.2. DRYOUT CHF
The distribution of vapor in the flow channel will depend on orientation of the flow
channel (and the direction of fluid flow in the flow channel), the amount (and location)
of heat being added to the fluid as well as several other factors such as fluid temperature,
pressure, flow rate, and flow geometry [1–4]. Numerous experimental studies have been
conducted to study boiling heat transfer. Through these studies, investigators have observed
several different void distributions, or flow regimes, as the fluid transitions from liquid
to vapor. The following two-phase flow regimes are generally encountered for low heat
flux (enthalpy limited) vertical upward flow: bubbly flow, slug flow, churn-turbulent flow,
annular flow, and dispersed flow (or droplet flow). A visual representation of these flow
regimes is provided in Figure 1.3 [1–4].
1.2.1. Bubbly Flow. The bubbly flow regime is characterized by discrete vapor
bubbles that are dispersed in a continuous liquid phase. At low vapor fractions the bubbles
are generally small and spherical in shape; as additional heat is added to the fluid, the
4Figure 1.3. Flow regimes in vertical upward flow boiling (recreated from [9]).
void fraction increases, the bubbles coalesce and become larger. These larger bubbles are
generally not spherical and may start to move toward the center of the flow channel. As the
enthalpy increases, the slug flow regime is encountered [1–4].
1.2.2. Slug Flow. In the slug flow regime, the bubbles are larger and span across
the entire cross-section of the flow channel. These bubbles, also known as slugs, are
characterized by a round front, an elongated body in the direction of flow, and a flat rear;
similar to the shape of a bullet hence the term “slug” flow. Smaller bubbles can generally
be observed in the wake of the slug bubbles [1–4].
51.2.3. Churn-Turbulent Flow. With increasing enthalpy, the slug bubbles break
up and the churn-turbulent flow regime is achieved. In this flow regime, a chaotic mixture
of large and small bubbles is encountered due to the increase in the turbulence of the flow
[1–4].
1.2.4. Annular Flow. As enthalpy increases further, the flow regime transitions to
an annular flow in which the liquid forms a thin wavy film around the perimeter of the flow
channel and the core is comprised of continuous vapor with small liquid drops dispersed
throughout. Due to the reduction in the liquid film thickness at the wall, bubble nucleation
at the wall may be prevented. Further increase in enthalpy generally results in the thin liquid
film “drying out” and the dispersed flow regime is observed [1–4]. The transition from the
annular flow to dispersed flow is sometimes referred to as the “dryout” location and the heat
flux at this transition is known as the critical heat flux (or CHF).
1.2.5. Dispersed Flow. The dispersed flow regime is characterized by a continuous
vapor phase with liquid droplets dispersed throughout the flow channel cross-section, also
referred to as the droplet flow regime or the liquid deficient region. Heat transfer is greatly
degraded in this flow regime since the heated wall is no longer “wetted”; however, in the
region immediately downstream of the dryout location, herein referred to as the developing
post-dryout region, liquid can be contained in the form of entrained liquid droplets and may
provide additional cooling capacity. The liquid droplets provide an important heat transfer
mechanism as they impinge on the heated surface [5–9]. As the liquid droplets evaporate
due to further increases in enthalpy, the single-phase vapor flow regime is reached. Heat
transfer is severely degraded at this point and if heat is not removed the flow channel wall
may fail due to the high temperatures that may be encountered in this flow regime [1–4].
61.3. POST-DRYOUT HEAT TRANSFER
In post-dryout flow heat can be transferred in one of three steps: heat transfer from
the wall to the vapor, heat transfer from the wall to liquid droplets, and heat transfer from
vapor to liquid droplets. Six possible modes of heat transfer are possible for these three
steps: convective heat transfer from wall to vapor, interfacial heat transfer from vapor
to liquid droplets, direct contact heat transfer from wall to liquid droplets via conduction,
radiative heat transfer fromwall to liquid droplets, radiative heat transfer fromwall to vapor,
and radiative heat transfer from vapor to liquid droplets [1–9]. A visual representation of
the six modes of heat transfer is provided in Figure 1.4; a mathematical representation is


















Convective heat transfer from wall to vapor will be the principal mode of heat
transfer in the post-dryout flow regime. Radiative heat transfer can be significant depending
on the wall temperature and vapor superheat. The interfacial heat transfer from vapor to
liquid droplets can be a significant contributor in keeping the vapor superheat low especially
near the dryout (CHF) location due to the relatively large liquid droplets entrained in the
flow. Similarly, direct contact heat transfer from wall to liquid droplets can be significant
near the dryout location. If the temperature of the heated surface has not exceeded the
Leidenfrost temperature of the fluid, the liquid droplets are still able to “wet” the heated
wall and provide significant cooling of the wall. However, once the heated wall exceeds the
Leidenfrost temperature only “dry” collisions are possible. The heat transfer from droplet
contact with dry collisions is generally much less than that compared to “wet” droplet
contact [1–9].
7Figure 1.4. Heat transfer modes for post-dryout flow boiling [9].
81.4. SCOPE OF CURRENT STUDY
The scope of this work was limited to direct liquid contact heat transfer in the
developing post-dryout flow regime. Experimental studies of post-dryout flow boiling have
shown that liquid contact with the heated wall is possible directly downstream of the dryout
location and can improve post-dryout heat transfer [10–15]. Understanding heat transfer in
this flow regime is key in determining the performance of the heat transfer equipment. The
major objectives of the present work are as follows:
• Design and construction of a thermal hydraulic test loop (Experimental Vertrel Loop)
to conduct CHF and post-dryout flow boiling experiments.
• Design and fabrication of a test section to study CHF and developing post-dryout flow
boiling at various operating conditions.
• Development of heater surface mounted thermistors for use as wall temperature
measurement and liquid impingement detection instrumentation.
• Collection of CHF and liquid contact data in the developing post-dryout flow regime
at various operating conditions.
• Evaluation of experimental data to determine effects of pressure, mass flux, wall
temperature, etc. on liquid contact.
92. LITERATURE REVIEW
The current state of research on post-dryout flow boiling has been reviewed to
understand the important mechanisms involved and identify any gaps in the data. Many of
the early studies of post-dryout flow assumed either complete thermal equilibrium between
the liquid and vapor phases or that no evaporation of liquid droplets takes place beyond
the dryout location. The former case assumes that the vapor does not become superheated
until all of the liquid (in the form of liquid droplets) evaporates. In the latter case, all the
heat transferred from the wall is used to superheat the vapor and the liquid droplets do not
provide any cooling. The actual quality is believed to lie somewhere in between these two
extremes as shown in Figure 2.1 [1–9].
Numerous studies have been conducted on post-dryout flows for the past several
decades and summaries of previous studies on post-dryout heat transfer are provided by
Groeneveld [5, 6], Wang and Weisman [7], Chen [8], Andreani and Yadigaroglu [9], and
others. An attempt is made herein to summarize some of the pertinent work related to
post-dryout flow boiling specifically focusing on the developing post-dryout flow region;
the summaries are organized into experimental work and theoretical work.
2.1. EXPERIMENTALWORK
A majority of the experimental studies of post-dryout heat transfer, specifically on
transition boiling heat transfer, were performed in the 1960s and 1970s and were mostly
limited to pool boiling; studies specifically focusing on transition flow boiling and liquid
impingement in post-dryout flow boiling were performed in the 1980s and 1990s. Most
of the recent experimental work on CHF and post-dryout flow boiling has focused on heat
10
Figure 2.1. Variation of equilibrium quality along the heated channel [8].
transfer enhancement through surface treatments and/or fluid enhancements (e.g., use of
nano-fluids, test fluid containing small amounts of nano-particles) and is therefore not
included in the review.
2.1.1. Pool Boiling Experiments. Early experimental studies on post-dryout heat
transfer were conducted in pool boiling. While several previous investigators had studied
post-dryout and transition boiling heat transfer in pool boiling, Berenson [16] was one
of the first investigators to note liquid-solid contact in transition boiling. He postulated
that the wall temperature in transition boiling is too low to sustain a stable vapor film but
the amount of vapor generated by nucleate boiling is too large to maintain a stable liquid
film. He concluded that transition boiling is a combination of unstable film boiling and
nucleate boiling and theorized that the average heat transfer could be estimated based on the
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fraction of time each mode of heat transfer is present at any given location. A mathematical
expression for this combination of film boiling and nucleate boiling is provided in Equation
2.1 [17].
q′′tot = f q′′l + (1 − f )q′′v (2.1)
In equation 2.1, q′′tot is the transition boiling heat flux (or total heat flux), q′′l is
the heat flux from liquid contact (nucleate boiling), q′′v is the heat flux from vapor contact
(film boiling), and f is the fraction of time liquid is in contact with the wall at any given
location (also referred to as the liquid contact fraction (LCF). Bradfield [18] also confirmed
the presence of liquid solid contact via electrical conductance measurements in stable film
boiling experiments.
Nishikawa et al. [19] used small diameter thermocouples embedded under a small
copper plate to measure LCF. They reported a decrease in LCF with increasing superheat.
While the authors did report LCF for a limited range of data, their measurements were made
on a small diameter boiling surface which may be of insufficient size to accurately estimate
average LCF and thus the transition boiling heat transfer.
Lee et al. [20, 21] developed a fast response micro-thermocouple to study liquid-
solid contact in pool boilingwater at atmospheric pressure. The authors reported an increase
in the LCF with decreasing wall superheat. The measured LCF ranged from 0.5 at a wall
superheat of 30K to approximately 0.003 at wall superheat of 200K .
2.1.2. Flow Boiling Experiments. Forslund and Rohsenow [10] were one of the
first investigators to study post-dryout flow boiling using liquid nitrogen as the heat transfer
fluid. The authors proposed one of the earliest models (provided in Equation 2.2) for direct





































While the Forslund-Rohsenow model is simple to use; it does have several short-
comings that make it undesirable. One of the major deficiencies of the model is that the
droplet heat transfer coefficient that is used in the model was originally developed for a sin-
gle droplet impinging on a horizontal plate. While the use of Baumeister et al. model may
be appropriate for horizontal flow boiling where droplet contact may be enhanced due to the
force of gravity, the model is not appropriate for use in vertical upward flows. In addition,
the model inaccurately predicts increased droplet contact heat transfer with increasing wall
temperature. In reality the droplet contact heat transfer should reach a maximum some short
distance away from the dryout location and then decrease with increasing wall temperature
as the wall superheat exceeds the minimum film boiling temperature of the fluid.
Bennett et al. [23] performed post-dryout testing with water flowing vertically in a
uniformly heated tube around the same timeframe as Forslund and Rohsenow [10]. Bennett
et al. also proposed a two-step heat transfer process where heat is transferred from the wall
to the vapor and then from the vapor to the liquid droplets. The authors made several
simplifying assumptions including: no direct contact of droplet with the heated wall, wall
to droplet heat transfer is negligible, and heat transfer by radiation is negligible. While the
model proposed by Bennett et al. was able to predict the wall temperatures with reasonable
accuracy it does neglect direct contact droplet to wall heat transfer which can be significant
immediately downstream of the dryout location.
Numerous authors have attempted to measure the liquid contact time fraction and
use the approach proposed by Berenson [16] and Kalinin et al. [17] to estimate transition
boiling heat transfer in forced flow testing. Ragheb et al. [24, 25] developed a flush
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mounted electrical resistance probe to measure LCF in transition flow boiling. Ragheb
et al. performed transient quenching experiments with water at atmospheric pressure, mass
flux ranging from 34 to 102kg/m2s and inlet subcooling ranging from 0 to 28K . The onset
of intermittent rewetting was observed near the minimum heat flux point and continuous
liquid contact was observed at the CHF point. The sampling rate of the electrical resistance
probe was too low to measure individual liquid contacts, only time averaged resistance
probe data was available thus contact duration information was not obtained.
Ramu and Weisman [11] performed transition flow boiling experiments of water
flowing inside of an annulus which was heated by mercury flowing through the center of
the annulus. Transition boiling heat transfer data was obtained for mass fluxes ranging
from 1.2 · 104 to 3.4 · 104lbm/hr f t2 while system pressure was maintained between 25 and
30psia. Ramu and Weisman used an approach presented by Rohsenow [26] for nucleate
boiling which suggested that heat transfer consists of a forced convective and boiling
component. The authors used the correlation developed by Quinn [27] for the convective
component and a modified maximum heat transfer coefficient for the boiling component.
The modification to the boiling component accounts for the suppression of nucleate boiling
at high qualities and flows; the Chen correlation (1966) was used for the suppression factor.
The correlation proposed by Ramu and Weisman does not account for the thermal non-
equilibrium due to vapor superheat; this is believed to be the cause of the slightly over
predicted heat transfer coefficient as compared to the experimental data.
Ganic and Rohsenow [12] expanded on the work done by his predecessors (Forslund
and Rohsenow [10] and Iloeje et al. [29]) by analyzing post-dryout heat transfer mecha-
nisms and developing a detailed droplet deposition model. Ganic and Rohsenow used
the Nukiyama and Tanasawa [30] model to estimate mean droplet diameter. The authors
then performed a force balance on the droplets to determine their trajectory within the
flow channel. The calculated trajectories show the expected trends, i.e., larger droplets are
more easily able to achieve contact with the wall and droplet contact decreased as wall
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temperature increases. For the wall to vapor heat transfer contribution Ganic and Rohsenow
utilized the McAdams [31] correlation assuming void fraction to be unity and calculating
fluid properties at bulk vapor temperature. Ganic and Rohsenow utilized the radiative heat
transfer model proposed by Sun et al. [32]. The total heat transfer is taken to be the sum of
the heat transfer from the various components (Equation 2.3).
q′′tot = u0(1 − α)ρli f g fdf exp
[





















Becker et al. [33] performed post-dryout flow boiling experiments of water in
uniformly heated round tubes. He tested three tube geometries (10.0mm, 14.9mm and
24.7mm inner diameters) over a range of pressures (30 to 205bar) and mass fluxes (500
to 3000kg/m2s). The measured wall temperature, and calculated equilibrium quality data
was provided for 510 different test runs. Becker et al. did not provide details on any analysis
that may have been conducted.
Cokmez-Tuzla [13], Cokmez-Tuzla et al. [14, 15] utilized a rapid-response thermo-
couple probe, similar to the probe developed by Lee et al. [20], to study droplet contact ahead
of an advancing quench front in a tube geometry. Cokmez-Tuzla performed post-dryout
testing with water at atmospheric pressure with mass fluxes ranging from 9 to 31kg/m2s and
subcooled inlet quality ranging from 0.01 to 0.25. Using the fast-response thermocouple
they were able to extract the liquid contact duration and LCF as a function of wall superheat
and distance from the quench front. They observed that the liquid contact frequency was
not periodic and that most liquid contact had a residence time between 0 and 15ms. They
concluded that liquid contact was possible for wall superheats up to 400K and all liquid
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contacts occurred within 12cm of the quench front location. The authors also reported a
decrease in LCF with: increasing distance from the quench front, increasing wall superheat
and decreasing liquid mass flux.
2.2. THEORETICALWORK
Iloeje et al. [29] expanded on the work of Forslund and Rohsenow [10] and proposed
a three-step model for dispersed flow heat transfer. The authors proposed three modes of
heat transfer from the heated wall: heat transfer from wall to droplets that directly contact
the wall, heat transfer from wall to droplets in the thermal boundary layers, and heat transfer
from wall to vapor. To determine wall to droplet heat transfer, Iloeje et al. multiplied the
heat transferred from a single droplet impacting the wall by the number of droplets per
unit area and the droplet contact duration. For the wall to vapor heat transfer contribution
Iloeje et al. utilizes the McAdams [31] single phase heat transfer correlation assuming the
cross-sectional void fraction to be the same as the surface void fraction. The post-dryout
model proposed by Iloeje et al. is provided in Equation 2.4. The post-dryout correlations
developed by Iloeje et al. and Ganic and Rohsenow [12] are applicable to transition boiling
as well as dispersed flow film boiling; i.e., the models are valid over the entire range of
post-dryout flows. However, the studies were done using Nitrogen as the modeling fluid
and thus may not be directly applicable to water.




























































Chen et al. [34] developed a heat transfer correlation for vapor phase heat transfer
in post-dryout using a momentum transfer analogy. Chen et al. neglected the radiative heat
transfer component and used an approach similar to that proposed by Berenson [16] stating
the post-dryout heat transfer is comprised of heat transfer from the wall to vapor and wall
to liquid droplets. Chen et al. focused their work on the wall to vapor heat transfer stating
the wall to liquid droplet heat transfer is negligible for post-dryout flows with high wall
temperatures. As a result, the model is only applicable to fully developed post-dryout flows
with high wall superheat.
Moose and Ganic [35] developed a post-dryout heat transfer model expanding on
the three-path model proposed by Forslund and Rohsenow [10]. Similar to Ganic and
Rohsenow [12], Moose and Ganic performed a force balance on the droplets to model
droplet trajectory and determined the smallest size of droplets that were able to contact the
heated wall to estimate droplet contact heat transfer. Moose and Ganic estimated the droplet
contact heat transfer to range from 0 to 10% of the total post-dryout heat transfer. The vapor
to droplet heat transfer was modeled using the Hynek et al. [36] correlation provided in
Equation 2.5.
q′′vd =
2(Tv − Tsat )kv
Dh
(
1 + 0.276Re0.5v Pr0.33v
)
(2.5)
Varone and Rohsenow [37] developed a mechanistic post-dryout heat transfer model
for post-dryout flow in a vertical, uniformly heated tube with upward flow. The authors
modeled the heat transfer from wall to vapor, wall to liquid droplets and vapor to liquid
droplets; neglecting the radiation heat transfer. They concluded that the wall to vapor heat
transfer cannot be modeled with a simple single-phase correlation as was done by previous
investigators. They proposed a multiplier to make the predicted wall temperature match
experimental data. Varone and Rohsenow postulated that the liquid droplets affect the
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turbulence in the flow and thus the vapor in post-dryout flow does not behave as a single-
phase fluid. The proposed multiplier, ranging from a value of 0.7 to 2.0 and a function of
bulk-to-wall viscosity and quality, attempts to account for this modified turbulence.
Andreani and Yadigaroglu [38] developed a mechanistic model to analyze post-
dryout flow in a tube geometry. They utilized an Eulerian approach to resolve the vapor
temperature field and a Lagrangian approach to model the droplet interaction. Andreani
and Yadigaroglu performed a force balance on a single droplet to model the droplet’s
trajectory in the flow channel accounting for the drag, lift, and thrust forces. The authors
also developed a detailed droplet break-up model to account for break-up along the length
of the flow channel. The proposed model is one of the most comprehensive post-dryout
models available; however, it is also difficult to use as it is computationally intensive.
Guo andMishima [39] developed a mechanistic heat transfer model using a heat and
momentum transfer analogy to predict wall to vapor convective heat transfer. The authors
made the following assumptions: at any given cross-section all droplets are spherical with
the same diameter (only varying with axial position), both phases have uniform velocity and
temperature distribution across a given cross-section, and the liquid phase is at saturation
temperature. To determine the heat transfer from droplet contact with the wall Guo and
Mishima proposed the concept of droplet residence time (Equation 2.6) which is defined as






Guo and Mishima proposed the following correlation for wall to droplet heat transfer
(Equation 2.7):
q′′wd = (Tw − Tsat )
[ 18kvt2Rρvi f gm˙d5





The droplet deposition rate, m˙d , is determined by diffusion based models such as the
Kataoka and Ishii model. For vapor to droplet heat transfer, Guo and Mishima utilized the













Meholic et al. [41, 42, 43] performed a detailed review of previous post-dryout work
and developed a comprehensive post-dryout model for implementation into the COBRA
TF thermal hydraulic code. The model accounts for six possible modes of heat transfer:
convective heat transfer from wall to vapor, interfacial heat transfer from vapor to liquid
droplets, heat transfer from wall to liquid droplets, radiative heat transfer from wall to liquid
droplets, radiative heat transfer from wall to vapor, and radiative heat transfer from vapor
to liquid droplets. The focus of the Meholic et al. work was fully developed post-dryout
flow boiling and as such only “dry” contact with the heated wall is assumed for the wall
to liquid heat transfer. Meholic et al. performed a force balance to determine the fraction
of droplets capable of making “dry” contact with the wall, similar to the approach utilized
by Ganic and Rohsenow [12] and Moose and Ganic [35]. Meholic et al. also accounted
for the variations in droplet size utilizing the droplet size probability distribution function
proposed by Ganic and Rohsenow [12], and set a maximum droplet diameter based of a
criticalWeber number of 7.5. The authors utilized the model proposed by Guo andMishima
[39] to calculate the heat transferred from a single droplet making contact with the wall.
Meholic et al. utilized the models proposed by Sun et al. [32], Gnielinski [44], provided in
Equation 2.9, and Lee and Ryley [40] as the basis for the radiative, wall to vapor convective,
and the vapor to droplet interfacial heat transfer respectively. Meholic et al. [41] assessed
their model with experimental data from Bennett et al. [23], Keeys et al. [45], Barzoni and
Martini [46], Becker et al. [33], Swinnerton et al. [47], etc. and reported an improvement
in the mean error from 8.83% to 8.15%, a reduction in the standard deviation from 34.97%
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to 23.8% and a reduction in the RMS error from 36.05% to 25.14% as compared to the
original model implemented in COBRA-TF.
Nu =
f f ric












Nguyen and Moon [48] studied the developing post-dryout region in a vertical tube
and developed a heat transfer correlation based on the test data of Becker et al. [33] for a range
of flow conditions. Nguyen andMoon developed an expression for the LCF, f , based on the
wall superheat ratio, θ, the thermodynamic quality ratio, xe/xCHF , and the Graetz number,
Gz, which accounts for the downstream distance from the CHF location. The total heat
transfer (Equation 2.10) is expressed as the combination of a nucleate boiling component
(during liquid contact) and a film boiling component (during vapor contact), similar to
the approach proposed by Berenson [16] and others. The nucleate boiling heat transfer
coefficient, hNB is calculated using the Chen [28] correlation, and the fully developed film
boiling heat transfer coefficient, hFD is determined from the Groeneveld et al. [49] film
boiling look-up table. The proposed correlation for the LCF is provided in Equation 2.11.
Since the correlation is based solely on average backwall temperature data (i.e., the test did
not directly measure LCF) it may not be applicable for other test geometries.


















Wang and Pan [50] also studied the post-dryout flow boiling regime including the
developing post-dryout flow region and developed a one-dimensional mechanistic heat
transfer model. Wang and Pan approximated the fraction of heat transferred from the wall
through liquid contact as a Gaussian amplitude function (Equation 2.12) as:






for z0 ≤ z < zmax (2.12)
where, z is the axial location, z0 is the dryout location, zmax is the axial location at which
fully developed film boiling begins (location at which direct liquid contact is not possible),
andW is the standard deviation of the Gaussian amplitude function given by Equations 2.13
and 2.14. The value of W was determined by comparing the predicted wall temperature
profile to experimental data of Bennett et al. [23] and Becker et al. [33].






















Wang and Pan reported good agreement in prediction of wall temperature with an average
RMS error of 8.80% for data of Bennett et al. [23], Becker et al. [33] and within ±20% of
other transient reflood experiments.
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2.3. MOTIVATION FOR CURRENT RESEARCH
Based on the reviewed literature, post-dryout has been studied extensively, both
experimentally and theoretically; however, much of the existing work focuses on the fully
developed post-dryout flow ignoring (or neglecting) the contribution of direct liquid contact
heat transfer in the flow region immediately downstream of the CHF location. The models
that have attempted to account for the liquid contact heat transfer are either based on
post-dryout experiments that did not provide detailed data for the developing post-dryout
flow region (Forslund and Rohsenow [10], Bennett et al. [23], Becker et al. [33]) or are
computationally intensive (Ganic and Rohsenow [12], Iloeje et al. [29], Andreani and
Yadigaroglu [38]). The goal of the current study was to provide detailed wall temperature
and heat transfer data for the developing post-dryout flow regime. To obtain this data, heater
surface mounted thermistor technology was developed to measure wall temperature in the
developing post-dryout flow regime and to obtain LCF data.
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3. EXPERIMENTAL APPARATUS
The experiments for this study were conducted in the Experimental Vertrel Loop
(EVeL). The Experimental Vertrel Loop is a low pressure, low temperature, thermal hy-
draulic test facility that utilizes a modeling fluid, trade name Vertrel XF, for single phase
and two-phase flow testing. Vertrel XF, empirical formulaC5H2F10, and hydrocarbon name
HFC-43-10mee, is manufactured by the Chemours Company. The use of a modeling fluid,
such as Vertrel XF, enables simulation of the thermal-hydraulics of a steam/water system at
relatively low pressures, temperatures, and power requirements. Testing at lower pressures
and temperatures enables detailed measurements of key flow parameters in sustained CHF
and beyond-CHF test conditions to support the development of models for predicting CHF
and post-dryout heat transfer in two-phase flows. Additional details on fluid scaling is
provided in Section 3.1. A detailed description of the test facility and the test section is
provided in the Sections 3.2 and 3.3, respectively.
3.1. SCALING ANALYSIS
In addition to enabling thermal hydraulic testing of two-phase flows at relatively
low pressures and temperatures as compared to steam/water, the use of modeling fluids also
provide increased flexibility in test section design and instrumentation. A high pressure,
high temperature steam/water system makes the use of instrumentation such as hot-film
anemometry or optical measurement techniques (e.g., laser doppler velocimetry, particle
image velocimetry) difficult due to their relatively low operational pressure/temperature
limits or the need for visual access. However, one of the major concerns with the use of
modeling fluids is how well the data can be scaled to a steam/water system. Scaling in
thermal hydraulics is the use of dimensionless parameters related to the phenomenon of
interest to relate differences in fluids, conditions, and/or geometry [51].
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Two-phase flow boiling is a complex phenomenon and in order to accurately model
the thermal hydraulics of boiling two-phase flow, ideally, all relevant dimensionless pa-
rameters must be matched [52–56]. However, complete similitude is not possible between
Vertrel XF and Water (or any other modeling fluid [55, 56]); therefore, the key dimension-
less parameters that govern the thermal hydraulics of the two-phase flow regime of interest
are matched. For the case of CHF (and post-dryout) flow boiling some of the parameters
of interest, as identified by Ahmad [52], are summarized in Table 3.1 and include: density
ratio, the geometry scale factor, quality, void fraction, slip ratio, subcooling number, phase
change number, Boiling number, Reynolds number, Weber number, Froude number, and
Jakob number.
The equivalent operating pressure is determined by matching the liquid to vapor
density ratio between water and Vertrel XF. Matching the density ratio is important in
matching the void fraction (α) versus quality (xa) relationship (Equation 3.1). The sat-
uration pressure vs temperature curve of Vertrel XF is provided in Figure 3.1, additional
fluid property data at saturation conditions are provided in Appendix A. The scaled inlet
temperature and heat flux are determined by matching the subcooling number and the phase
change number, respectively [55, 56]. Matching the subcooling and phase change numbers








The geometry and mass flux scale factors for two-phase boiling flows are typically
determined bymatching one or two of the following three dimensionless numbers: Reynolds
number (Re), Weber number (We), and Froude number (Fr). In most two-phase flow boiling
systems the viscous forces are generally not as important as the surface tension and buoyancy
forces thus Weber and Froude numbers are typically matched to set the geometry and mass
flux scaling factors [55]. The geometry and mass flux ratios for matched Weber and Froude
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Table 3.1. Important parameters for scaling two-phase flow boiling.
Dimensionless Group Definition Significance





expansion due to phase change
Geometry Scale Factor (or
length to diameter ratio)
= LDh
geometry of the model (length, L, and
hydraulic diameter, Dh)
Subcooling Number (Nsub) =
(i f −iin)
i f g
energy required to remove subcooling









energy required to vaporize liquid




energy required to vaporize liquid
Reynolds Number (Re) = GDµ f
inertia force
viscous force






Weber Number (We) = G2Dρ f σ
inertia force
surface tension force
Prandtl Number (Pr) = Cp µk
diffusivity of momentum
diffusivity of heat
Jakob Number (Ja) = Cp (Tw−Tsat )i f g
sensible heat
latent heat
numbers are provided in Equation 3.2 and Equation 3.3, respectively. Alternatively, either
the geometry or mass flux scale factor could be matched exactly and the other parameter
(mass flux or geometry) is set by matching one of the three aforementioned dimensionless
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Figure 3.1. Saturation pressure versus temperature curve for Vertrel XF.
By matching the Weber number the droplet size can be accurately simulated; by
matching the Froude number the slip ratio, S, can be accurately simulated [55, 56]. The
variation of geometry and mass flux scale factors with pressure for matched Weber number
and Froude number is provided in Figure 3.2. The geometry and mass flux scale factors
for Reynolds/Weber, Reynolds/Froude, and Weber/Froude are provided in Table 3.2 for an
equivalent water system pressure of 3.0E6Pa. Matching the Weber and Froude numbers
results in the Reynolds number for Vertrel XF being only 16% of the Reynolds number
for water. The large difference would only be an issue for low mass flux conditions where
viscous forces are important [55]. In addition, matching the Weber and Froude numbers
also results in the mass flux scale factor being close to unity. For matched Weber and
Froude numbers the geometry, when testing with Vertrel XF, also needs to be scaled down
to ≈ 40% of the geometry of the water system to accurately simulate the two-phase thermal
hydraulics.
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Figure 3.2. Vertrel XF-to-Water geometry and mass flux scale factor as a function of
pressure.
Table 3.2. Vertrel XF-to-Water geometry and mass flux scale factors for various scaling
criteria (Water at 3MPa).
Parameter Match Re/We Match Re/Fr Match We/Fr
Dh,V/Dh,W 15.1 1.31 0.39
GV/GW 0.17 1.94 1.05
qV/qW 2.25 0.20 9.3E-3
q′′V/q
′′
W 0.01 0.12 0.063
ReV/ReW 1.0 1.0 0.16
WeV/WeW 1.0 11.5 1.0
FrV/FrW 6.1E-4 1.0 1.0
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3.2. TEST FACILITY DESCRIPTION
TheExperimental Vertrel Loop is a low pressure, low temperature, thermal hydraulic
test facility that utilizes Vertrel XF, a modeling fluid, for single phase and two-phase flow
testing. The EVeL was designed to be a compact test platform for investigation of various
two-phase flow phenomenon. The main flow paths are constructed of 25.4mm 300 series
stainless steel tubing. The facility capabilities are as follows:
• Operating Pressure Range: 101 to 520kPa
• Operating Temperature Range: 283 to 380K
• Total Flow: 0 to 5kg/s
• Test Section Pre-heat: Two 10kW immersion heaters, and twelve 800W band heaters
• Test Section Heaters: Eighteen 1000W power supplies
A high level schematic of the test facility is provided in Figure 3.3. The pump forces
fluid through a flowmeter and then to either the test section leg or the loop bypass line. Two
types of preheaters are installed in the test section leg, immersion type heaters and band
heaters. Fluid in the test section line flows through the immersion heaters then through a
flow meter followed by the band heaters prior to entering the test section. The immersion
heaters allow coarse fluid temperature adjustments while the band heaters allow fine fluid
temperature adjustments; both are used to establish inlet temperature boundary conditions.
After the fluid exits the test section, it combines with the fluid from the bypass line before
entering the heat exchanger and is pumped through the loop once again. The loop bypass
line allows excess flow to be diverted from the main flow path so the specified test section
flows can be established. A pump bypass line is used to maintain the required pressure
drop across the pump to prevent cavitation. An accumulator tank is used to serve as the
pressurizer, via the use of a nitrogen gas bubble to establish system pressure, and a storage
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tank. Additional details on some of the major test facility components (e.g., pump, heat
exchanger) are provided below. A photo of the test facility with the installed test section is
provided in Figure 3.4.
3.2.1. Pump and Variable Speed Drive. Flow in the EVeL is driven by a Dayton,
model 4XZ47, high head centrifugal pump with stainless steel impeller and housing and
is capable of a maximum flow rate of 5kg/s. The pump is connected to a FUJI variable
frequency drive that allows operation of the pump at variable speeds via the LabVIEW
Interface. A photo of the installed pump and variable frequency drive is provided in
Figure 3.5.
3.2.2. Heat Exchanger. A compact counterflow brazed plate heat exchanger is
used to condense the fluid exiting the test section to ensure fluid temperature is sufficiently
cooled before entering the pump. The parallel plate heat exchanger design reduces the
overall size of the required heat exchanger while maximizing heat transfer capability. The
heat exchanger is constructed of stainless steel plates brazed with copper and is mounted
vertically. The modeling fluid (Vertrel XF) flows from the top down and the chilled water
flows from the bottom up. The flow configuration for the heat exchanger as well as a
photograph of the installed heat exchanger is provided in Figure 3.6.
3.2.3. ChilledWater System. The chilled water system serves as the ultimate heat
sink for the EVeL. The chilled water flow is connected to the loop heat exchanger via
stainless steel tubing; flow is regulated via a manually operated valve. The chilled water
inlet temperature is nominally maintained at 283K and the max outlet temperature is limited
to 360K .
3.2.4. Accumulator Tank. The accumulator tank serves the dual purpose of a loop
pressurizer and a fluid storage tank. The stainless steel cylindrical tank has a capacity of
approximately 140L, which is sufficient to serve as a thermal expansion compensator for
the temperature range of interest. The accumulator tank is connected to a nitrogen supply
system consisting of a nitrogen bottle and gas regulators, which are used to establish and
29
Figure 3.3. Hydraulic schematic of the EVeL test facility.
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Figure 3.4. Photograph of the EVeL test facility.
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Figure 3.5. Photographs of the loop variable frequency drive (left) and pump (right).
Figure 3.6. Hydraulic schematic of flow through the heat exchanger (left) and photograph
of the heat exchanger (right).
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Figure 3.7. Photograph of the loop accumulator tank.
maintain loop pressure. A photograph of the accumulator tank is provided in Figure 3.7.
The accumulator tank does not contain a bladder to separate the nitrogen from Vertrel
XF; therefore, it was possible for trace amounts of nitrogen to diffuse into the Vertrel XF.
However, this trace amount of nitrogen was not expected to have an impact on the thermal
properties of Vertrel XF.
3.2.5. Preheaters and Test Section Power Supplies. The loop preheaters consist
of two immersion heaters, each capable of producing 10kW , and twelve band heaters
capable of producing a total of 9.6kW . The preheaters are used to establish the desired
inlet temperature boundary condition for the test section. The test section is powered by
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Figure 3.8. Photographs of the loop band preheaters (left) and test section power supplies
(right).
eighteen, 300V/3.3A, DC power supplies, EMS model, EMS300-3.5-1-D. Photographs of
the installed band preheaters and the test section power supplies are provided in Figure 3.8.
3.2.6. Instrumentation. System pressure is measured at four locations in the loop:
pump suction, pump discharge, test section outlet, and accumulator tank via Rosemount
3051 pressure transducers. The transducers were ranged to measure from 7 to 862kPa.
Rosemount 3051 pressure transducers are also used for various pressure drop measurements
including test section pressure drop measurements.
Mass flow rates for the different parts of the loop are measured using Coriolis flow
meters. Four flowmeters are used in the EVeL: a total loop flow, bypass line flow, test section
flow, and chilled water flow. The total loop flow and bypass line flow are measured using
Endress+Hauser Promass 40E25 Coriolis flow meters while the test section and chilled
water flows are measured using Endress+Hauser Promass 40E15 Coriolis flow meters. The
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Figure 3.9. Photographs of the loop coriolis flow meters.
Promass 40E25 flow meters are capable of measuring flows between 0 to 5.0kg/s while the
Promass 40E15meters are capable of measuring flows between 0 and 1.8kg/s. Photographs
of the installed Coriolis flow meters are provided in Figure 3.9.
Fluid temperature measurement is made via Type K thermocouples with a calibrated
range of 273 to 473K . Fluid temperature is measured at several locations including: pump
discharge, bypass loop line, downstream of preheaters, test section inlet and outlet, and heat
exchanger inlet and outlet (on both the modeling fluid and chilled water sides). In addition
to fluid temperature measurement, test section heated wall temperature measurement is
necessary in order to determine the heat transfer from the wall. Surface mounted thick film
thermistors are used to provide wall temperaturemeasurement. The thermistor is made from
a resistive material that changes resistance with changes in temperature. Negative tempera-
ture coefficient thermistors, which have decreasing resistance with increasing temperature,
are utilized for wall temperature measurements. Bymeasuring the resistance of the thermis-
tor the temperature can be determined using the Steinhart and Hart equation (Equation 3.4).
The constants ATm, BTm, and CTm are determined by performing a calibration of each ther-
mistor. The resistance is determined by supplying a constant current through the thermistor
and measuring the voltage drop across the thermistor, Resistance = Voltage/Current.
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Details of the thermistor calibration process are provided in Appendix B.
1
T
= ATm + BTm ln(RTm) + CTm(ln(RTm))3 (3.4)
Eight Type K thermocouples are installed on the exterior of the test section, four on the
front and four on the back, and are used to ensure thermal equilibrium is established prior
to recording test data.
3.2.7. Data Acquisition System. A data acquisition system (DAS) is used to ac-
quire, monitor, and record data from the various instrumentation. National Instruments
hardware and LabVIEW software with a customLabVIEWhumanmachine interface (HMI)
was used to acquire and record data. A screenshot of an HMI screen is provided in Fig-
ure 3.10. The HMI allows the facility operator to control the various loop components:
pump, preheaters, and test section heaters. In addition, the HMI displays the real-time
pressure, temperature, flow rate, and pressure drop data during facility operation. Data such
as fluid and wall temperatures, system pressure, and pressure drop is acquired at 500 to
1000Hz (500Hz sampling rate was determined to be sufficient for liquid contact detection).
A separate programmable logic control (PLC) system (Schneider Electric, Modicon Quan-
tum Series 65150), is used to provide automatic protective functionality (e.g., test section
power cutbacks and/or trips) to prevent test facility/test section damage due to high/low
pressure, high temperature and/or high/low flow. The PLC system is integrated with Lab-
VIEW to control the test facility/test section heaters through the LabVIEWHMI. Data from
the PLC is updated to the HMI once every second. Since only the individual heater strip
power is obtained from the PLC system the 1Hz sampling rate is sufficient for the steady
state testing where the heater strip power is held constant for the duration of a given data
scan.
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Figure 3.10. Screenshot of data acquisition system user interface.
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3.3. TEST SECTION DESCRIPTION
A test section has been designed to investigate liquid contact on a heated wall
in a post-dryout flow boiling condition. The test section is a modular design with a
rectangular geometry that provides for a simplified 2D flow field and enables optical access
for visualization of the flow behavior. In addition, the rectangular geometry enables the
use of surface mounted thermistors for wall temperature measurements. The nominal flow
channel cross section is 2.54mm x 50.8mm with total length of 900mm (heated length of
760mm). The test section consists of 3 pairs of opposing heater panels stacked axially
(end-to-end) that form the heated “faces” of the channel. The test section also includes a
transparent window near the outlet of the channel that permits optical access to the face of
the channel. This geometry allows for simple incremental heat addition to the working fluid
(Vertrel XF) and flow visualization.
Although the majority of the fluid traversing the test section flows through the chan-
nel, the channel is not perfectly sealed by design. The intention is for the Body component,
which houses the channel, to serve as the main pressure boundary. Silicone sheeting and
other support components perform the dual function of locating the channel within the Body
and providing thermal isolation between the channel and the Body. Subassemblies at the
inlet and outlet maintain the axial compression of the channel components during thermal
growth cycles by way of die springs. A similar approach is taken for channel compression
in the direction perpendicular to the panel faces. A photograph of the assembled test section
is provided in Figure 3.11. Additional details on the major test section components and
features such as heater panels, pressure boundary components, and edge spacers, including
edge window design (for visual access), pressure tap design, and traversable thermocouple
design are provided below. The test section can be configured with or without optical access
to the face of the channel. Additional images of the test section hardware are provided in
Appendix C.
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Figure 3.11. Photograph of the assembled test section with Face Window.
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3.3.1. Heater Panels. Two heater panel constructions have been designed for use
with the test section: a thin transparent Fused Silica window (also referred to as the Face
Window) with transparent, thin film, indium tin oxide (ITO) resistors; the other design
features a Zirconia substrate with thick film resistors and thermistors. Both panels are a flat
substrate design to allow the use of printed circuit board manufacturing processes. Both
designs contain three resistors (nominally 14mm x 224mm) that are printed on the wetted
face of the substrate, arranged in a transverse array. The fluid flowing through the test
section is heated via direct Joule heating by applying current through these resistor strips.
The Zirconia panels also contain multiple (34) thick film thermistors printed on top of the
resistors (separated by a dielectric) to provide local wall temperature measurement, as well
as CHF and liquid contact detection. The small thermistors are nominally 1.0mm x 0.5mm
and are used for local surface temperature measurements as well as CHF and liquid contact
detection during testing. The large thermistors, nominally 1.8mm x 38.1mm, span across
the width of the channel and provide an average wall temperature across the width of the
channel. The layout of the resistors (also referred to as heaters) and thermistors on the
Zirconia panels is provided in Figure 3.12; a photograph of a fabricated panel is provided
in Figure 3.13. The layout of the thin film ITO heaters on the Face Window is identical to
the layout of the heaters on the Zirconia panels. Thick film thermistors are omitted from
the Fused Silica window to maintain optical access.
The test section is constructed with two pairs of Zirconia heater panels installed in
axial elevations 1 (inlet) and 2 (middle), another Zirconia heater panel installed on the back
face of elevation 3 (outlet) and the thin Fused Silica window with ITO resistors installed on
the front face of elevation 3. Alternatively, the test section can also be configured without
optical access; for this configuration option the thin Fused Silica window is replaced with
a Zirconia heater panel.
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Figure 3.12. Resistor (heater) and thermistor layout of Zirconia heater panel.
Figure 3.13. Photograph of Zirconia heater panel.
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3.3.2. Pressure Boundary Components. The Body component serves as the main
pressure boundary for the test section; the flow channel is housed inside the Body. A CAD
image of the various components that are stacked together to form the flow channel is
provided in Figure 3.14. The stack-up consists of the following components:
• Top Cover: the Top Cover forms the pressure boundary on the front face of the test
section. It also provides the preload necessary to maintain the flow geometry at
elevations 1 and 2 (and 3 for the no optical access configuration) through springs
inserted between the Top Cover and the Spring Plate.
• Spring Plate: the Spring Plate is used to transfer the load from the individual springs
to a uniform surface and maintain the position of the springs.
• Top and Bottom Silicone Rubber Sheets: the Silicone Rubber sheets minimizes heat
losses from the heater panels to the rest of the test section.
• Top and Bottom Preload Plate: the Top and Bottom Preload Plates are rigid com-
ponents used to ensure load from springs is uniformly transferred to Edge Spacers
and Heater Panels to maintain flow geometry and compress the heater and instrument
contact blades to maintain electrical continuity.
• Heater Panels: the heater panels are thin Zirconia or Fused Silica substrates that form
the wide faces of the flow geometry (see Section 3.3.1 for more details).
• Edge Spacers: the Edge Spacers establish the edge walls of the flow geometry as well
as the channel thickness (see Section 3.3.3 for more details).
• Wire Feedthrough Connectors: the Wire Feedthrough Connectors serve as the pres-
sure boundary for the wires that connect to the heater strips and thermistors.
• Bottom Covers: the Bottom Covers form the pressure boundary on the back face of
the test section, along with the Body and the Wire Feedthrough Connectors.
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Figure 3.14. Stack-up of test section internals (cross-sectional view from inlet toward the
outlet).
• Strongbacks: the Strongbacks couple the two Bottom Covers to each other and to the
Body in order to provide structural support to the long span of unsupported length on
the Body.
• Backing Bar and Silicone Rubber Block: the Silicone Rubber Block is sandwiched
between the Backing Bar and the Body. Fasteners connect the Backing Bar to the
Body, compressing the Silicone Rubber Block. During compression, the Silicone
Rubber Block extrudes laterally, applying a load to the edge spacers to set the width
of the flow geometry.
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In order to provide optical access at the outlet of the channel, the compression of
the channel in this region is achieved with the use of separate components (a 101.6mm
thick Fused Silica Window, a Window Clamp, and Sealing Ring). Figure 3.15 provides a
view of the stack-up of these within the Body. The thick Fused Silica window along with
the Sealing Ring and Window Clamp make up the pressure boundary on the front face of
elevation 3. The Sealing Ring creates the seal between the Top Cover and the thick Fused
Silica Window. The Window Clamp is attached to the Top Cover and applies load through
the long edges of the thick Fused Silica window to maintain preload on the Face Window,
Edge Spacers, and Zirconia panel. This preload is necessary to maintain the flow geometry
at elevation 3. A side view of the stack-up is provided in Figure 3.16.
Subassemblies at the inlet and outlet of the test section provide the axial compression
of the channel components via die springs. The subassemblies are made up of three separate
components: the Inlet/Outlet Seal, the Inlet/Outlet Insert, and the Inlet/Outlet Transition.
The Inlet/Outlet Seal provides a gland seal between itself and the Body, as well as a face
seal between itself and the Inlet/Outlet Insert. This arrangement allows the flow geometry
to move with respect to the Body, and allows for thermal expansion. The Inlet/Outlet
Transition seals against the Inlet/Outlet Insert and serves as the transition from the loop
piping to the test section. A cross sectional view of the interfaces is provided in Figure 3.17.
The thermocouples used for test section inlet and outlet fluid temperature measurement are
installed in the Inlet/Outlet Transition component.
3.3.3. Edge Spacers. The Edge Spacers, fabricated from a glass epoxy composite
material (G10-FR4), are used to establish the edge walls of the flow geometry as well as the
channel thickness. The design of the Edge Spacers features several instrumentation ports
that allow installation of edgewindows (for visual access of the edge of the channel), pressure
taps (for pressure dropmeasurements), a thermocouple (for fluid temperaturemeasurement),
and the routing of wires for heater and thermistor signals. An isometric view of the various
instrumentation installed in the edge windows is provided in Figure 3.18.
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Figure 3.15. Stack-up of Face Window, Sealing Ring, and Window Clamp (cross-sectional
view from inlet toward the outlet).
3.3.4. EdgeWindows. The FaceWindow provides the primary visual access to the
flow channel; however, only axial and transverse flow behavior can be observed through this
window. To obtain information about the flow behavior in the channel thickness dimension,
visual access to the edge of the channel is necessary. Five ports are included along the
edge of the channel to provide this visual access. Visual assess to the edge of the channel
is formed via a multi-component design. A rectangular slot is cut into the Edge Spacer to
allow installation of a small polycarbonate window (also referred to as the Edge Window).
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Figure 3.16. Cross-sectional view of test section internals.
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Figure 3.17. Cross-sectional view of Inlet/Outlet subassemblies.
A cylindrical quartz window is used to provide visual access to the Edge Window through
the Body. An O-ring gland seal is used as the pressure boundary between the cylindrical
window and the Body. An EdgeWindow Plug is included to react against the blow off force
generated when the test section is pressurized. A cross sectional view of the channel edge
visual access is provided in Figure 3.19.
3.3.5. Pressure Tap. In order to obtain channel pressure drop information, four
pressure taps are included along the edge of the channel. The pressure tap ports use a
multi-component design to ensure there is no leakage from the flow channel to the rest of
the test section internals. A hypodermic tube inserted and epoxied into the Edge Spacer
allows communication between the flow channel and the rest of the pressure tap. The
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Figure 3.18. Isometric view of Edge Spacers with various instrumentation ports.
Pressure Tap Inner Seal captures part of the hypodermic tube and forms a face seal with
the Edge Spacer and the Pressure Tap Outer Seal. The Pressure Tap Outer Seal allows
communication between the flow channel and the pressure drop line outside of the pressure
boundary. The Pressure Tap Outer Seal utilizes a gland seal between itself and the Body to
form the pressure boundary. A cross sectional view of the pressure tap design is provided
in Figure 3.20.
3.3.6. Fluid Thermocouple. Fluid temperature measurement is an important pa-
rameter for understanding and modeling of two-phase flow heat transfer. Two thermocou-
ples, one at the channel inlet and another at the channel outlet, were installed for the channel
inlet and channel outlet bulk temperature measurements. In order to measure bulk fluid
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Figure 3.19. Cross-sectional view of Edge Window stack-up.
Figure 3.20. Cross-sectional view of pressure tap design.
temperature within the flow channel a traversable thermocouple was included in the test
section design. A 1.5mm hole machined into the edge spacer allows the thermocouple to
extend into and out of the flow channel. A sealing scheme similar to that of the Pressure
Tap Outer Seal is employed to exit the thermocouple through the pressure boundary. A
cross sectional view of the traversable thermocouple design is provided in Figure 3.21.
3.3.7. Heater and Thermistor Wires. In order to route wires from the heater
panels to outside the pressure boundary (to Power Supplies, DAS) several slots are machined
into the Edge Spacers (one for eachwire). These slots allow connections to bemade between
the circuits on the heater panels (heater strips and thermistors) and the wires exiting the
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Figure 3.21. Cross-sectional view of traversable thermocouple design.
test section pressure boundary. A custom aluminum block with wires potted in the middle
(referred to as the Wire Feedthrough Connector) forms the pressure boundary seal with the
Bottom Cover, and is used to pass the heater and thermistor signals through the pressure
boundary. An isometric view of the machined slots in the Edge Spacers for the wire
connections is provided in Figure 3.18. A photograph of the Wire Feedthrough Connector
is provided in Figure 3.22.
3.4. EXPERIMENTAL PROCEDURE
The objectives of this work is to study liquid droplet contact with the superheated
wall in the developing post-dryout flow regime and obtain the CHF and subsequent heat
flux at which liquid contact with the heated wall is possible as indicated by the surface
mounted thermistors. Test instrumentation provides mass flow rate, inlet and outlet fluid
temperatures, system pressure at the outlet of the test section, channel region pressure drop,
heater strip power, and wall temperature data. The procedure used to obtain test data is
provided below. Testingwas conductedwith equal power applied to each heater panel/heater
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Figure 3.22. Photograph of Wire Feedthrough Connector.
strip. Thermal equilibrium, as indicated by a less than 1K change observed in a span of 10
minutes on the thermocouples mounted on the exterior of the test section, was established
prior to recording test data. The range of test conditions included exit pressures from 220 to
290KPa, inlet temperatures ranging from 318 to 339K and mass fluxes ranging from 1025
to 2050kg/m2s. The test conditions for which data was obtained are provide in Table 3.3.
1. Establish desired test section exit pressure, mass flow rate, and inlet temperature.
2. Establish power such that no or minimal boiling is observed at the channel outlet for
the desired test section flow.
3. Increase test section power in small increments (≈5W per heater strip), maintaining
the test section pressure, flow rate and inlet temperature, until CHF is reached.
4. Take a data run (i.e., record data, a 15 second scan) at the condition that resulted in a
CHF condition.
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Table 3.3. Summary of experimental test conditions.
Case Outlet Inlet Mass
ID Pressure Temperature Flux
KPa K kg/m2s
1 224 318 1212
2 224 318 1377
3 223 318 1541
4 224 318 1713
5 226 328 1346
6 228 327 1696
7 221 328 1386
8 242 328 1053
9 240 327 1204
10 243 328 1349
11 285 328 1207
12 284 327 1365
13 284 328 1538
14 283 328 1711
15 285 339 1388
16 284 339 1699
17 288 338 2047
18 284 339 1025
19 284 339 1198
20 283 338 1371
5. Continue incrementing power (power increments limited to 2W per heater strip af-
ter CHF is reached) and recording data after each power increment until droplet
impingement is no longer indicated by the surface mounted thermistors.
6. Repeat steps 1 through 5 for the next test condition.
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3.5. DATA PROCESSING
In order to investigate liquid contact in the developing post-dryout flow regime data
was collected for a range of pressures, inlet temperatures, and mass flow rates. A summary
of the measured parameters such as system pressure and temperature, as well as the derived
parameters such as equilibrium quality and LCF is provided below.
3.5.1. Wall Temperature. Thick film thermistors were used to measure the heated
wall surface temperature. The Steinhart and Hart equation (Equation 3.4) was used to
convert the resistance, calculated from the measured voltage drop and excitation current,
to temperature. The constants ATm, BTm, and CTm for each thermistor were determined by
performing a three point calibration (see Appendix B for more details). The calibration
coefficients and the excitation current for each thermistor was input into the LabVIEWDAS,
which was configured to automatically calculate the temperature based on the measured
voltage drop using Equation 3.4.
In order to determine the calibration constants (ATm, BTm, and CTm) for each ther-
mistor two separate calibrations were performed. The first was an in-situ calibration that
was performed by flowing hot Vertrel XF through the test section using the preheaters to
heat the fluid. The maximum temperature that the thermistors could be calibrated to was
limited to 360K for this in-situ calibration due to test section and test facility maximum fluid
temperature limits. Since the wall superheat in the post-dryout flow regime was expected
to be on the order of 100K a second calibration was performed. The Zirconia heater panels
were placed in an oven and the three thermistors at the end of heater panels were calibrated
from 300 to 460K . While small differences were observed between the in-situ and oven cal-
ibration curves the differences were within the measurement uncertainty of the thermistor.
A plot of the in-situ and oven calibration data (Temperature versus Resistance) is provided
in Figure 3.23 with included error bars representative of the measurement uncertainty for
the thermistor.
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Figure 3.23. Comparison of in-situ and oven calibrations.
3.5.2. Heat Flux. The wall heat flux is calculated from the net heater strip power






Vhtr Ihtr − qloss15
HtwidHtlen
(3.5)
where Vhtr is the measured heater strip voltage, Ihtr is the measured heater strip current,
Htwid is the width of the heater strip (nominally 13.97mm), Htlen is the length of the heater
strip (nominally 221.08mm), and qloss is the estimated heat loss.
3.5.3. Heat Loss. In order to estimate the heat loss from the test section to the
environment a heat balance was conducted with data collected at single phase conditions.
The heat loss was calculated as a function of the temperature difference between the test
section outlet temperature and the ambient temperature per Equation 3.6 and ranged from
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5% to 8.8% of total test section power.
qloss = 10.72(Tout − Tamb) − 43.28 (3.6)
The estimated heat loss value was divided by 15 (the total number of heater strips) to obtain
the heat loss per heater strip. The heat loss per heater strip value was then subtracted from
the calculated heater strip power to obtain the net heater strip power.
3.5.4. Experimental Heat Transfer Coefficient. The experimental heat transfer
coefficient is calculated using Equation 3.7:
hexp =
q′′
Twall − Tsat (3.7)
where q′′ is the wall heat flux, Twall is the wall temperature and Tsat is the saturation
temperature of Vertrel XF at the system pressure. The wall heat flux used for the calculation
of the experimental heat transfer coefficient for this study is based on the measured heater
strip power for the center heater strip at the outlet of channel (i.e., local heat flux at the CHF





where Dh is the hydraulic diameter of the flow channel and k is the thermal conductivity
(evaluated at the saturation temperature).
3.5.5. Equilibrium Quality. The thermodynamic equilibrium quality (xe) at any








where q(z) is the net integral heat input up to position z in the channel, i f is the saturated
liquid enthalpy, iin is the enthalpy at the channel inlet, and i f g is the heat of vaporization.
The heat input can be expressed in terms of the axial heat flux distribution (q′′(z)) and the





For uniform axial heat flux, expressing the channel flow in terms of mass flux times the
cross section flow area (Ac) and the heat input in terms of the net heat flux (q′′avg) times the




− (i f − iin)
i f g
(3.11)
Equation 3.11 can be rewritten in terms of two important dimensionless numbers discussed
in Section 3.1, the subcooling number (Nsub) and the phase change number (Npch) as the
following (Equation 3.12):
xe(z) = Npch − Nsub (3.12)
3.5.6. CHF Detection. The thick film thermistors mounted on the heater panels
not only provide wall temperature data, but are also used to detect the onset of CHF and
liquid contact with the heated wall in the subsequent developing post-dryout flow regime.
Due to the differences in the temperature response that occurs at CHF (from changes in
inlet subcooling, system pressure, mass flux, instrumentation, or test method/procedure),
multiplemethods could be used to identify the onset of CHF. For this study the determination
of the onset of CHF is accomplished in two steps.
In the first step, the thermistor signal of each thermistor from a data scan is processed
(via a Matlab algorithm) to check if: the standard deviation of the temperature is greater
than 0.417K , the difference between the maximum and minimum temperature is greater
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than 1.67K , and the average wall temperature is greater than the saturation temperature. The
value of 0.417K is selected because it provides sufficient change in the temperature signal
beyond the observed noise levels (standard deviation of ≈ 0.14K) during pre-CHF boiling
conditions to identify CHF. Once the data runs (for a given pressure/temperature/flow test
condition) and the thermistors associated with each data run that meet the above criteria are
identified the second step is initiated.
In the second step, a visual inspection of the slope of each average thermistor
temperature versus heat flux is performed. The wall temperature (and therefore the wall
superheat) is relatively constant once saturated boiling is attained; however at the onset
of CHF the wall temperature rapidly increases due to the degradation of the heat transfer
(an example average thermistor temperature vs heat flux trace is provided in Figure 3.24).
The check of the standard deviation was found to be a good first check for CHF detection;
however, it was found to over-predict or under-predict the CHF for some test conditions. By
performing a visual inspection of the wall temperature versus heat flux plot and comparing
the change in slope between the pre-CHF and post-dryout thermistor signal a more accurate
CHF value was obtained.
3.5.7. Liquid Contact Fraction. As discussed in Section 3.5.6, the thick film
thermistors not only provide wall temperature measurement but are also used for CHF
detection and to characterize liquid contact in the developing post-dryout flow regime. Part
of the thermistor data was acquired at 500Hz while the remaining data was acquired at
1000Hz. No discernible differences were observed in the data collected at both 500Hz and
1000Hz for similar boundary conditions (Cases 5/7 and 15/21). The time variation of wall
temperature provides information about the presence of liquid contacts with the wall. A
sample thermistor trace is provided in Figure 3.25. In order to generate this thermistor trace
(Figure 3.25) the post-dryout flow regime was established, then data was recorded as the
test section power was decreased until the nucleate boiling regime was reached. Although
57
161 163 165 167 169 171 173 175 177 179






















Figure 3.24. Sample wall temperature versus wall heat flux (boundary conditions provided
in legend: pressure (P) in KPa, inlet temperature (T) in K , and mass flux (G) in kg/m2s.
the sample thermistor trace provided in Figure 3.25 shows a time varying wall heat flux, the
data reported in the Results and Analysis (Section 4.3.3) was obtained per the experimental
procedures described in Section 3.4 with wall heat flux remaining steady for each data scan.
The sample trace provided in Figure 3.25 indicates the wall temperature is initially
high then decreases gradually as the heat flux is decreased. Initially, the wall temperature
drops at a relatively constant rate as heat flux decreases; as the developing post-dryout
condition is reached intermittent drops and recoveries of the wall temperature is observed.
This drop and subsequent recovery in wall temperature is indicative of liquid contact with
the wall. As liquid contacts the wall, the heat transfer increases and the wall temperature de-
creases; however, since the wall heat flux is still relatively high the liquid quickly evaporates
and the wall temperature recovers to the value prior to liquid contact. This intermittent drop
and recovery is more clearly visible in Figure 3.26 in which a portion of the thermistor trace
is expanded over a smaller time window. As heat flux is reduced further, the intermittent
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Figure 3.25. Time varying wall temperature and wall heat flux traces.
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Figure 3.26. Closeup view of time varying wall temperature traces.
drops and recoveries in wall temperature become more frequent and closer together. With
further decrease in the wall heat flux the wall temperature drops to a new “baseline” with
intermittent sudden increases in temperature followed by a relatively slower decrease to the
“baseline.” This intermittent increase and subsequent recovery is indicative of intermittent
dryout of a wetted wall, or the onset of CHF. Finally, as heat flux is further decreased the
wall temperature reaches a relatively steady value due to the improved heat transfer in the
pre-CHF flow regime.
An algorithm was developed to extract liquid contact information from the time
varying thermistor traces that indicated CHF (per the CHF criteria described in Section
3.5.6). In the CHF and post-dryout flow regimes the flow channel consists of both liquid
and vapor phases. At any given instant, heat transfer from the wall can be either by vapor
contact or liquid contact. As the transport properties of liquid and vapor are significantly
different the heat transfer rate due to vapor contact will be significantly different from the
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heat transfer rate due to liquid contact. As a result, the wall temperature variation will
be much higher in the event of liquid contact in the post-dryout flow regime. In order to
identify liquid contact the following criteria is utilized:
• The decrease in wall temperature must be greater than the variations due to noise, a
minimum temperature drop of 0.56K was selected based on the data.
• The rate of decrease in wall temperature during liquid contact must be greater than the
rate due to vapor cooling (consistent with the criteria used by [13]). A temperature
decrease rate of 1.39 · 104K/s was selected as the criteria to initiate liquid contact.
• The temperature must continuously decrease for a minimum of three time steps, this
criteria was added to minimize the incorrect characterization of (electrical) noise as
liquid contact.
• The liquid contact was considered to be terminated when the temperature reached a
minimum value (consistent with the criteria used by [13, 20, 21]) and subsequently
increased. In addition, the temperature increasemust be at a rate greater than 5550K/s
to terminate liquid contact.
The LCF, f , is the ratio of the duration of sum of the individual liquid contacts
to the total duration of a data scan where both liquid and vapor contact the wall. This is







where ∆ti is the duration of an individual liquid contact, and ttotal is the duration of the
data scan, nominally 15.0s. The criteria above was found to work well for detecting
liquid contact in thermistor traces where a sudden drop in temperature is followed by a
slow recovery (e.g., similar to that provided in Figure 3.28). However, the time varying
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Figure 3.27. Definition of LCF.





















Figure 3.28. Time varying thermistor trace of the developing post-dryout flow regime (case
1, 176.2KW/m2).
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Figure 3.29. Time varying thermistor trace of the onset of CHF (case 1, 172.7KW/m2).
thermistor trace is different at the onset of CHF (see Figure 3.29); the wall temperature
rapidly increases momentarily then decreases at a slower rate, indicative of intermittent
dryout.
The criteria for liquid contact defined above assumes the wall is initially dry and
when liquid contacts the wall the wall temperature decreases. This assumption is not valid
at the onset of CHF where the wall is initially covered by a liquid film that intermittently
dries out until the wall heat transfer decreases to a point where continuous liquid contact is
not possible. As a result, a different criteria was established to determine the LCF near the
onset of CHF. Since at any given location on the wall either the liquid phase or the vapor
phase can be in contact with the wall, if the contact fraction for one phase is known the
contact fraction for the other phase can be calculated as (Equation 3.14):
f l = 1.0 − fv (3.14)
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The following criteria was established to identify vapor contact:
• The increase in wall temperature must be greater than the variations due to noise, a
minimum temperature increase of 0.56K was selected based on the data.
• the rate of increase in wall temperature during vapor contact must be greater than
the rate due to liquid cooling (consistent with the criteria used for liquid contact
detection). A temperature increase rate of 1.39 · 104K/s was selected as the criteria
to initiate vapor contact.
• The temperature must continuously increase for a minimum of three time steps, this
criteria was added to minimize the incorrect characterization of (electrical) noise as
vapor contact.
• The vapor contact was considered to be terminated when the temperature reached a
maximum value (consistent with the criteria used for liquid contact detection) and
subsequently decreased. In addition, the temperature decrease must be at a rate
greater than 5550K/s to terminate vapor contact.
Using this criteria and Equation 3.13 the vapor contact fraction is calculated. Once
the vapor contact fraction is known, the liquid contact fraction can be determined using
Equation 3.14. In order to identify the point at which continuous liquid contact with the wall
is no longer possible; and therefore, the transition from use of vapor contact identification
criteria to the use of liquid contact identification criteria, the following transition criteria
were established:
• Determine the time averaged wall temperature for a given data scan.
• Determine the minimum and maximum wall temperature for that data scan.
• Determine the average of the minimum and maximum wall temperature.
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• If the time averaged wall temperature is greater than the average of the mini-
mum/maximum wall temperature use the liquid contact detection criteria to calculate
the LCF for that data scan. If the time averaged wall temperature is less than the
average of the minimum/maximum wall temperature use the vapor contact detection
criteria and Equation 3.14 to calculated the LCF.
The use of the above criteria results in an objective method of calculation of the
LCF. The criteria were programmed into aMatLab script to rapidly process the time varying
thermistor signals that indicated CHF. The algorithm scans each individual thermistor trace
and applying the appropriate criteria determines for each thermistor trace: the number of
times liquid (or vapor) contacts the heated wall, the duration of each individual contact and
the sum of the individual liquid (or vapor) contact duration for a data scan, the average
temperature drop during liquid contact for a given thermistor trace, and the LCF. A sample
thermistor trace highlighting the individual contacts as identified per the LCF algorithm
presented above is provided in Figure 3.29. For the cases where the vapor contact identifi-
cation criteria is used to calculate the LCF (i.e., data runs close to onset of CHF), individual
contact duration and the temperature drop during liquid contact are not reported.
3.6. MEASUREMENT UNCERTAINTY
A measurement uncertainty analysis was performed to determine the uncertainty
of the various measurements obtained in this study. The following measurements were
evaluated: system pressure, fluid temperature, wall temperature, mass flow rate, mass flux,
heater strip power, wall heat flux, and experimental heat transfer coefficient. The measured
test parameters include temperature, pressure, voltage, current, and channel dimensions
(including channel width, channel thickness, channel length, heater strip width, and heater
strip length).The analysis utilizes the root sum squared methodology as outlined in Dieck
[58], and assumes vendor specifications (where available) represent the 95% confidence
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Figure 3.30. Time varying thermistor trace highlighting individual liquid contacts as
identified per the LCF criteria outlined in Section 3.5.7 (case 1, 175.4KW/m2).
interval and include both randomand systematic uncertainties. Themethod ofTaylor’s series
expansion for error propagation (Equation 3.15 [58]) is used to determine the combined
effects of multiple (measured) parameters on a calculated parameter such as heat flux or
heat transfer coefficient. For all measured parameters, a DAS uncertainty is included in the
overall measurement uncertainty calculation to account for any uncertainty introduced by
the DAS hardware such as offset and gain errors as well as electrical noise. A summary of









3.6.1. Pressure Measurement Uncertainty. The EVeL utilizes Rosemount pres-
sure transducers (Model 3051) for system pressure and differential pressure measurements.
The overall pressure (and pressure drop) measurement uncertainty is dependent on the un-
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Table 3.4. Summary of experimental measurement uncertainty.





Mass Flow Rate ±0.6% of value
Mass Flux ±3.0% of value
Heater Strip Power ±2.0% of value
Heat Flux ±2.13% of value
Experimental Heat Transfer
Coefficient
±40% of value at CHF, reduces to less than
±4.25% for fully developed post-dryout flow
certainty of the pressure transducer and the DAS. The uncertainty of the pressure transducer
is dependent on several different variables such as the transducer model, transducer range,
calibrated span, and measured value. For the purpose of this analysis the following vendor
specified uncertainties were analyzed: reference accuracy, stability, and total performance.
Other contributors to system pressure and differential pressure measurement uncertainty
such as uncertainty in elevation and low side pressure variations were determined to be
negligible. The calculated uncertainties based on the vendor specifications for the system
pressure and differential pressure measurements were ±7110Pa and ±361Pa, respectively.
The DAS uncertainty for the system pressure and differential pressure measurements were
±271Pa and ±53Pa, respectively. The overall uncertainty for pressure and differential
pressure was calculated using the root sum square method to combine the instrument uncer-
tainties with the DAS uncertainties using Equation 3.16. The system pressure measurement
uncertainty was determined to be ±7115Pa and the pressure drop measurement uncertainty
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was determined to be ±365Pa for the range of tested pressures.
UP = ±
√







3.6.2. Fluid Temperature Measurement Uncertainty. The measurement uncer-
tainty associated with fluid temperature depends primarily on the type of thermocouple. As
previously mentioned, all fluid temperatures are made using a Type K, Chromel-Alumel,
thermocouple. Two types of Type K thermocouples are commercially available: standard
limit thermocouples with a manufacturer rated uncertainty of ±2.2K and special limit ther-
mocouples with an uncertainty of ±1.1K . The thermocouples used for the current study
were verified to meet the special limit accuracy of ±1.1K . In addition to the manufacturer’s
reported uncertainty, the additional uncertainty due to the use of extension wires and con-
nectors as well as the DAS is also included (Equation 3.17) in the overall measurement
uncertainty of ±1.7K for fluid temperature measurements up to 500K. The major source
of uncertainty is the manufacturer specified uncertainty of ±1.1K and the conservative
uncertainty estimate for extension wires of ±1.1K (same as the manufacturer specified un-
certainty for the thermocouple). The actual fluid temperature measurement uncertainty is
expected to be closer to the manufacturer specified uncertainty of ±1.1K as the uncertainty








3.6.3. Wall TemperatureMeasurement Uncertainty. Custom thick film thermis-
tors are used to measure wall temperature. The wall temperature is a calculated value based
on measurements of (excitation) current and voltage, used to calculate a resistance, and cal-
ibration constants, used to convert the resistance to a temperature. The uncertainty in wall
temperature is therefore dependent on the uncertainty in the voltage, current, and calibra-
tion constants. The uncertainty in the calibration constants is dependent on the uncertainty
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in the instruments used for the calibration: the reference thermocouple(s) and DAS. The
uncertainty in the reference thermocouple is the same as that provided in Section 3.6.2. The
Steinhart and Hart equation (Equation 3.4) is used to convert the resistance to temperature.
Taylor’s series expansion for error propagation, Equation 3.18, is used to calculate the over-
all wall temperature measurement uncertainty of ±3.0K . The major source of uncertainty
for the wall temperature measurement is the uncertainty in the reference thermocouple used
























3.6.4. Mass Flow Rate and Mass Flux Measurement Uncertainty. Flow mea-
surements in the EVeL are obtained through the use of Coriolis meters. Four Coriolis
meters are used in the EVeL to measure: total loop mass flow rate, bypass line mass flow
rate, test section mass flow rate, and chilled water mass flow rate. The overall uncertainty
in mass flow rate measurement (Equation 3.19) is dependent on the uncertainty in the in-
strument itself and the DAS used to record the mass flow rate. The Coriolis type flow meter
was selected for its high accuracy, ±0.5% of the measured flow rate, resulting in a overall
uncertainty in the mass flow rate measurement of less than ±0.6%. The DAS uncertainty






The measurement uncertainty of the mass flux is dependent on the uncertainty of
the measured mass flow rate and the flow geometry cross-sectional area. The uncertainty
in the flow area is dependent on the uncertainty of the measured channel width (±1.27mm)
and channel thickness (±0.025mm). The overall mass flux uncertainty is determined using
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the error propagation method, Equation 3.20 and calculated to be less than ±3% for mass















3.6.5. Power and Heat Flux Measurement Uncertainty. The thick film heaters
used in the EVeL are powered via DC power supplies, with voltage and current transducers
used to measure the applied voltage and current for each heater strip. The output of each
transducer is then processed by the DAS. Individual heater strip power is calculated by
taking the product of the measured voltage and current (Power (q) = Voltage · Current).
The uncertainty of the calculated heater strip power is therefore dependent on the uncertainty
of each of the measurements and is calculated using an error propagation method, Equation
3.21. The vendor specified uncertainty for both transducers is ±0.25% of value, the overall
uncertainty for voltagewas calculated to be±0.26% of valuewhile the overall uncertainty for
current was calculated to be ±0.68% of value. The overall heater strip power measurement
uncertainty is less than ±1% for heater strip power greater than 400W . To account for
uncertainty in the heat loss estimate, the total heater strip power measurement uncertainty











The uncertainty for the heat flux is dependent on the uncertainty in heater strip
power and the heated area (heater width · heater length). The uncertainty in power for an
individual heater strip was determined to be ±5%. The measurement uncertainty for the
heater width is ±0.05mm and the uncertainty for the length is ±0.10mm. The overall heat
flux measurement uncertainty is calculated using the error propagation method (Equation
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3.6.6. Experimental Heat Transfer CoefficientMeasurement Uncertainty. The
uncertainty in the experimental heat transfer coefficient is dependent on the heat flux and the
measured wall superheat (Twall −Tsat ) and is calculated using the error propagation method,
Equation 3.23. Since the wall superheat is relatively low (≈ 9K) prior to CHF and rapidly
increases (up to 100K) once CHF is exceeded the heat transfer coefficient uncertainty is
high prior to CHF (up to ±40%) but quickly reduces to less than ±4% (and less than ±2%
















4. RESULTS AND ANALYSIS
The experiments for this study were conducted in the EVeL test facility. Testing was
conducted with equal power applied to each heater panel/heater strip. Post-dryout data was
collected for a total of twenty different pressure, temperature, and mass flux combinations;
the test conditions are provided in Table 3.3. Two configurations of the test sectionwere used
to obtain the data: configuration one included a transparent window (i.e., Face Window) at
the outlet of the channel (elevation 3), in configuration two the Face Window was replaced
with a Zirconia heater panel. In addition to the replacement of the FaceWindow on the front
face of elevation 3, the heater panel on the back face was also changed to a new Zirconia
panel for the second configuration. This was required as the wall temperatures experienced
in the post-dryout flow boiling shortened the (usable) lifetime of the thick films on the
Zirconia panels. A detailed investigation into the issues revealed that at the relatively high
wall temperatures (> 550K) experienced in post-dryout flows (during the initial phase of
testing) Vertrel XF can start to break down. It is believed that the by-products created by the
breakdown of the Vertrel XF interact with the thick films on the heater panels shortening the
lifetime of the panels. The test facility and test section were cleaned and the modeling fluid
was replaced subsequent to the initial phase of testing and prior to collection of the data
reported herein. A maximum wall temperature limit of 500K was established to prevent
breakdown (and subsequent contamination) of the fluid.
Data for cases 5, 6, 8–10, and 15–17 were collected with test configuration one.
Data for cases 1–4, 7, 11–14, and 18–20 were collected with test configuration two (i.e.,
no Face Window configuration). Two test cases were repeated from the first configuration
(cases 5 and 15); the only difference observed was in wall temperature at the onset of CHF.
The measured wall temperatures for the repeat cases (cases 7 and 20) were 6 to 10K higher.
This is believed to be caused by potential differences in the thickness and makeup of the
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encapsulant film on top of the thick film thermistors between the two panels (for the two
configurations). Since the properties of the thick films are dependent on the printing and
curing process, small differences in the film thickness or the ambient conditions during the
curing process can result in the observed wall temperature differences.
As discussed in Section 3.3.1, the Face Window was designed with transparent thin
film heaters. However, the data reported herein was collected with only one face heated at
elevation 3 (the outlet of the test section) for both test section configurations. Both faces
of the channel were heated at elevations 1 and 2 for both test configurations. Initial testing
with the first configuration revealed that due to a poor (mechanical) connection between
the bus bars and the heater connectors on the Edge Spacer, the current capacity of the
connection was not sufficient for the power required to achieve CHF. In order to make the
test data consistent between the two configurations, the channel face at elevation 3 was also
unheated in the second configuration. Limited data collected for one test condition with
uniform heating on all three elevations verified that there is no significant difference in the
CHF and LCF data between the uniform and non-uniform heating profile at elevation 3.
The typical behaviors observed in the CHF and post-dryout tests are presented in
the following subsections including discussion on the parametric effects on heat transfer. A
new correlation is developed and proposed for prediction of the liquid contact fraction in
the developing post-dryout flow regime using the test data.
4.1. CRITICAL HEAT FLUX TEST RESULTS
The focus of this study was on the developing post-dryout flow regime, but in order
to reach the post-dryout flow regime, the CHF condition must first be attained. The CHF
values for the conditions tested are provided in Table 4.1. For all of the conditions tested,
the center thermistor at the top of elevation 3 (i.e., the outlet end of the test section) was
the first thermistor to indicate CHF. The physical location of this thermistor within the test
section is shown in Figure 4.1.
73Figure 4.1. CHF location for all conditions tested.
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Table 4.1. Summary of experimental CHF data.
Case Outlet Inlet Mass Saturation Wall Heat Outlet Outlet Channel
ID Pressure Temperature Flux Temperature Temperature Flux Enthalpy Equilibrium Power
at CHF at CHF Quality
at CHF
KPa K kg/sm2 K K KW/m2 KJ/kg W
1 224 318 1212 353 373 172 299.6 0.091 7999
2 224 318 1377 352 373 181 295.8 0.057 8406
3 223 318 1541 352 373 192 293.5 0.037 8926
4 224 318 1713 352 373 205 291.5 0.019 9545
5 226 328 1346 353 368 160 303.2 0.121 7484
6 228 327 1696 353 365 176 297.0 0.062 8261
7 221 328 1386 352 373 164 302.8 0.125 7639
8 242 328 1053 355 368 154 312.8 0.185 7185
9 240 327 1204 355 366 159 306.9 0.133 7415
10 243 328 1349 355 368 165 303.9 0.101 7676
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Table 4.1. Summary of experimental CHF data. (cont.)
Case Outlet Inlet Mass Saturation Wall Heat Outlet Outlet Channel
ID Pressure Temperature Flux Temperature Temperature Flux Enthalpy Equilibrium Power
at CHF at CHF Quality
at CHF
KPa K kg/sm2 K K KW/m2 KJ/kg W
11 285 328 1207 361 378 160 307.9 0.077 7463
12 284 327 1365 361 378 167 304.0 0.042 7822
13 284 328 1538 361 378 179 301.8 0.020 8318
14 283 328 1711 360 379 190 300.0 0.005 8836
15 285 339 1388 361 371 147 310.9 0.105 6816
16 284 339 1699 361 372 155 306.0 0.059 7229
17 288 338 2047 361 372 171 302.7 0.024 7960
18 284 339 1025 361 377 145 323.8 0.227 6726
19 284 339 1198 361 377 150 318.7 0.179 6981
20 283 338 1371 360 380 152 312.6 0.123 7071
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Figure 4.2. Effect of equilibrium quality on CHF.
4.1.1. Parametric Effects on CHF. Figures 4.2 and 4.3 present the CHF as a
function of equilibrium exit quality and mass flux, respectively, with the test conditions
grouped by constant inlet subcooling and pressure. In general, for a given system pressure
and mass flux the CHF decreases as the equilibrium exit quality increases. This trend is
expected and consistent with that presented in Carey [3], and Cheng and Muller [59]; the
higher equilibriumquality conditions also coincidewith the lower inlet subcooling boundary
condition. For the conditions tested the CHF was observed to increase with increasing mass
flux for a given pressure and inlet subcooling as shown in Figure 4.3. This is consistent
with the parametric trends reported in Collier [2], Carey [3], Todreas and Kazimi [4], and
Cheng and Muller [59] and is caused by the improved bubble transport from the wall [59].
Figures 4.4 through 4.6 present the CHF as a function of system pressure with
the test conditions grouped by constant mass flux. The critical heat flux was observed
to decrease with increasing pressure consistent with trends reported in Collier [2], Carey
[3], Todreas andKazimi [4], andCheng andMuller [59]. The combined effects of decreasing
77
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Figure 4.3. Effect of mass flux on CHF.
latent heat of vaporization, increasing vapor density (leading to decreasing void fraction),
and decreasing surface tension with increasing pressure are believed to be the primary
mechanisms involved [3, 59]. The effect of pressure depends on the prevailing property
(or properties) and force balance during liquid-vapor interactions. According to Cheng and
Muller [59], at low exit qualities, the effects of decreasing heat of vaporization and surface
tension are more dominant than the reduction in vapor fraction due to increasing vapor
density, leading to decreasing CHF with increasing pressure for a given mass flux and inlet
subcooling.
The CHF data plotted as a function of inlet subcooling (Nsub), grouped by constant
pressure, is presented in Figure 4.7. For a given mass flux and pressure, the CHF increases
with increasing inlet subcooling, consistent with trends reported in Collier [2], Carey [3]
and Todreas and Kazimi [4]. As the inlet subcooling increases, additional heat is required
to remove the added subcooling resulting in a higher CHF value.
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1025 kg/m2s (Case 18)
1198 kg/m2s (Case 19)
1350 kg/m2s (Cases 5, 7, 15, & 20)
1685 kg/m2s (Cases 6 & 16)
2047 kg/m2s (Case 17)
Figure 4.4. Effect of system pressure on CHF (low subcooling data, Nsub ≈ −0.25).




































1053 kg/m2s (Case 8)
1204 kg/m2s (Case 9)
1349 kg/m2s (Case 10)
Figure 4.5. Effect of system pressure on CHF (intermediate subcooling data, Nsub ≈ −0.3).
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1200 kg/m2s (Cases 1 & 11)
1350 kg/m2s (Cases 2 & 12)
1525 kg/m2s (Cases 3 & 13)
1685 kg/m2s (Cases 4 & 14)
Figure 4.6. Effect of system pressure on CHF (high subcooling data, Nsub ≈ −0.37).



















































Figure 4.7. Effect of inlet subcooling on CHF.
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Figure 4.8. CHF plotted as a function of phase change number versus inlet subcooling.
The CHF data is presented in terms of the dimensionless phase change number
versus inlet subcooling in Figure 4.8. As expected and based on the parametric effects on
CHF discussed above, the phase change number was found to decrease with increasing mass
flux and increasing pressure for a given inlet subcooling.
Figure 4.9 presents the CHF data in terms of the equilibrium exit quality versus the
mass flux with the test conditions grouped by constant inlet subcooling and pressure. As
evident by Figure 4.9 as the mass flux increases, the equilibrium quality at CHF decreases.
This is a result of the increase in the velocity of the vapor core relative to the velocity of
the liquid film leading to an increased droplet entrainment. As the droplet entrainment
increases the thickness of the liquid film decreases resulting in CHF at lower qualities with
increasing mass flux [2, 3, 59].
4.1.2. Comparison with CHFModels. The present CHF data was compared with
several empirical CHF correlations developed for water in tube or rod bundle geometry: the
Biasi correlation [60], Bowring correlation [61], Levitan and Lantsman correlation [62],
81
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Figure 4.9. CHF plotted as a function of equilibrium quality versus mass flux.
and the EPRI-1 correlation [63] (as presented in Sardh and Becker [64]) as well as fluid
independent correlations: the Katto and Ohne correlation [65] and the Shah correlation
[66] and the 2006 CHF lookup table developed by Groeneveld et al. [67]. The correlations
are provided in Table 4.2 for reference. The Biasi and Bowring correlations, developed
from large datasets, are based on the ”local condition hypothesis” proposed by Macbeth
and Thompson [68–70] which states that CHF is only a function of the local mass quality
[2]. Both correlations have a wide applicability range in terms of pressure and mass flux.
Likewise, the Levitan and Lantsman and EPRI-1 correlations were also developed based on
a large data sets but all four correlations are based solely on water data. The correlations
of Katto and Ohne, and Shah were developed to allow prediction of CHF for other fluids
such as fluorocarbons and hydrocarbons (in addition to water). Groeneveld developed a
CHF lookup table as an alternative to the use of correlations for predicting CHF in flow
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boiling. The lookup table is a normalized data bank comprised of CHF data from numerous
data sets with varying range of pressures, mass fluxes, and inlet subcoolings as well as flow
geometry and heat transfer fluid.
Table 4.2. Existing correlations for CHF.
Author(s) Model/Correlation
Biasi [60] q′′ = (15.048 · 107)(100Dh)−nG−0.6H (pbar )(1 − xe)W/m2 for G <
300kg/m2s
for higher G, use larger of the following two values
q′′ = (2.764 · 107)(100Dh)−nG−1/6(1.468F (pbar )G−1/6 − xe)W/m2
q′′ = (15.048 · 107)(100Dh)−nG−0.6H (pbar )(1 − xe)W/m2
F (pbar ) = 0.7249 + 0.099pbar exp (−0.032pbar )
H (pbar ) = −1.159 + 0.149pbar exp (−0.032pbar ) + 9pbar (10 + p2bar )−1
pbar = 10P where P is in MPa
n = 0.4 for Dh ≥ 0.01m and n = 0.6 for Dh < 0.01m





, Bc = DhG4 , Cc =
0.077F3DhG
1+0.347F4( G1356 )n
pR = 0.145P where P is in MPa, n = 2.0 − 0.5pR
for pR < 1MPa
F1 = (p18.942R exp (20.89(1 − pR)) + 0.917)/1.917
F2 = F1/((p1.316R exp (2.444(1 − pR)) + 0.309)/1.309)
F3 = (p17.023R exp (16.658(1 − pR)) + 0.667)/1.667
F4 = F3p1.649R
for pR > 1MPa
F1 = p−0.368R exp (0.648(1 − pR))
F2 = F1/(p−0.448R exp (0.245(1 − pR)))
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Levitan and xCHF = (0.39 + 1.57( P98 ) − 2.04( P98 )2 + 0.68( P98 )3)( G1000 )−0.5( 8Dh )0.15
Lantsman [62] q′′ = (xCHF − xin)Gi f gAc/Aht with P in bar , G in kg/m2s, and Dh in
mm





where G is in Mlbm/hr f t2 and i f g is in BTU/lbm
Ac = 0.5328(P/Pc)0.1212G−0.3040−0.3285P/Pc
Cc = 1.6151(P/Pc)1.4066G0.4843−2.0749P/Pc
Katto and q′′ = XKOG(1 − xe)(i f g + KKO (i f − iin))


















Cc = 0.25 for Z′ < 50, Cc = 0.34 for Z′ > 150
Cc = 0.25 + 0.0009(Z′ − 50) for 50 < Z′ < 150








Table 4.2. Existing correlations for CHF. (cont.)
Author(s) Model/Correlation
for R′ < 0.15 XKO = X1 if X1 < X2, XKO = X2 if X1 > X2 and X2 < X3,
XKO = X3 if X1 > X2 and X2 > X3; KKO = K1 if K1 > K2, KKO = K2 if
K1 < K2
for R′ > 0.15 XKO = X1 if X1 < X5, XKO = X5 if X1 > X5 and X5 > X4,
XKO = X4 if X1 > X5 and X5 < X4; KKO = K1 if K1 > K2, KKO = K2 if
K1 < K2 and K2 < K3, KKO = K3 if K1 < K2 and K2 > K3
Shah [66] Two options available (Upstream Conditions Correlation (UCC) and Lo-
cal Condition Correlation (LCC), use UCC for Ys ≤ 106 otherwise use
the correlation that gives a lower value of Bo













)0.4( µ fµg )
0.6
xieq is the effective inlet quality
for xi ≤ 0 zeq = zcrit and xieq = xi
for xi > 0 zeq = zsat and xieq = 0
for Ys ≤ 104 n = 0 for all fluids besides helium for Ys ≤ 106 n = ( Dhzeq )0.54
for Ys > 106 n = ( 0.12(1−xieq )0.5 )
0.54
LCC Correlation Bo = FEFxBo0
Bo0 is the boiling number for xcrit = 0
FE = 1.54 − 0.032(zcrit/Dh) if FE < 1 then FE = 1
Fx is the ratio of boiling number at xcrit = x to the value of boiling
number for xcrit = 0
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Groeneveld CHF Lookup Table
+/-25%
Figure 4.10. Comparison of experimental CHF data with various correlations.
In order to compare the current data with the empirical models (Biasi, Bowring,
EPRI-1, and Levitan and Lantsman models) and the Groeneveld CHF lookup table, the
boundary conditions (namely, pressure and mass flux) were scaled to water equivalent
conditions using Weber/Froude scaling to scale the geometry and mass flux as described
in Section 3.1. A hydraulic diameter correction factor was also applied to the CHF value
obtained from the Groeneveld lookup table as suggested by Groeneveld et al. [67]. The
predicted CHF value is then scaled back to Vertrel XF equivalent conditions for comparison.
As discussed in Section 3.1, the phase change number is matched to scale the heat flux
between the two fluids. Figure 4.10 provides the comparison of the current CHF data
with the Bowring, EPRI-1, Katto and Ohne, and Shah models as well as the Groeneveld
CHF lookup table. Comparisons were also made with the Biasi, and Levitan and Lantsman
models; however, due to the large rootmean square (RMS) errors, 224%, 123%, respectively,
the comparisons are not included in Figure 4.10.
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Although, the Bowring correlation is only applicable for water, it compared most
favorably to the current data when the boundary conditions were scaled to water equivalent
conditions. Good agreement was also obtained between the test data and the Katto and
Ohne, and Shah models with both models predicting a CHF value that is lower than the
measured value. The EPRI-1 correlation did not predict the test data as well as the Bowring
correlation; however, this is expected as the empirical constants were developed based solely
on water data. The Groeneveld CHF lookup table did not predict the test data as accurately
as the four aforementioned models. A possible reason for this could be the non-uniform
heat flux at elevation 3; the Groeneveld lookup table is solely based on test data obtained
with uniform axial heat flux profile. The RMS errors for the Bowring, Katto and Ohne,
and Shah models are 7.7%, 8.6%, and 11.1%, respectively; this is within the uncertainty of
these models, typically 5 to 10%. The RMS errors for the Groeneveld lookup table and the
EPRI-1 correlation were 82.2%, and 56.1%, respectively.
4.2. DEVELOPING POST-DRYOUT TEST RESULTS
Developing post-dryout test data was obtained for twenty different pressure, tem-
perature, and mass flux combinations (test conditions provided in Table 3.3) with 541 LCF
data points collected as part of the study. Analysis of the post-dryout data is provided below
including observed trends in the LCF data. Data was collected from just prior to CHF to
the point at which liquid contact with the heated wall was no longer observed (as indicated
by the surface mounted thermistors). The time averaged post-dryout data for the conditions
tested are provided in tabular form in Appendix D. The wall temperature and liquid contact
data reported herein were made with the thermistor located at the top of the elevation 3 on
the center heater strip (see Figure 4.1); this was also the first thermistor to indicate CHF.
4.2.1. Wall Temperature Data. Figure 4.11 provides an example of the typical
wall temperature behavior as a function of wall heat flux in the developing post-dryout
flow regime. As expected, with a small increase in wall heat flux the wall temperature
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Figure 4.11. Plot of wall temperature versus wall heat flux.
increases rapidly immediately after the onset of CHF due to the degradation in the wall
heat transfer. The slight scatter in the data is caused by small differences in one or
more boundary conditions between consecutive data scans (i.e., small differences in inlet
temperature (≈ 0.25K) or mass flux (≈ 25kg/m2s) between data scans).
Figures 4.12 through 4.14 provide the wall temperature versus heat flux ratio (ratio
of heat flux for a given data scan to the heat flux at CHF for that test condition) for
pairs of test conditions in which one of the three boundary conditions (pressure, inlet
temperature/subcooling, or mass flux) is varied while holding the other two constant. The
only discernible trend inwall temperature observedwas that with increasing inlet subcooling
(decreasing inlet temperature) the maximum wall temperature at which liquid contact was
observed increased. As the inlet subcooling increases the entrainment of liquid droplets
into the vapor core increases resulting in an increase in the available liquid (in the form of
droplets/globules) for contact with the wall [2].
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High Inlet Subcooling (Case 2 (P224T318G1377))
Low Inlet Subcooling (Case 5 (P226T328G1346))
Figure 4.12. Plot of wall temperature versus wall heat flux ratio for high (Nsub ≈ −0.37)
and low (Nsub ≈ −0.25) inlet subcooling.
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Low Pressure (Case 2 (P224T318G1377))
High Pressure (Case 12 (P284T327G1365))
Figure 4.13. Plot of wall temperature versus wall heat flux ratio for high (284KPa) and low
(224KPa) pressure.
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Low Flow (Case 1 (P224T318G1212))
High Flow (Case 4 (P224T318G1713))
Figure 4.14. Plot of wall temperature versus wall heat flux ratio for high (1713kg/m2s) and
low (1212kg/m2s) mass flux.
4.2.2. Experimental Heat Transfer Coefficient Data. In addition to the measure-
ment of wall temperature, heater strip power was also measured to enable calculation of
the experimental heat transfer coefficient. The local heat flux was calculated from the
measured heater strip power using Equation 3.5. Once the wall heat flux is determined, the
experimental heat transfer coefficient is calculated using Equation 3.7.
The calculated heat transfer coefficient plotted as a function of the wall superheat
(Twall −Tsat) is provided in Figure 4.15 for all conditions tested. As shown in Figure 4.15, as
the wall superheat increases the wall heat transfer coefficient decays from values typical of
boiling two-phase flows (˜104W/m2K) to that of dispersed flow or single phase vapor flow
(˜103W/m2K). The data presented in Figure 4.15 also provides evidence that the wall heat
transfer decreases slowly as the flow regime transitions from annular flow to fully developed
post-dryout flow instead of the generally assumed step change in the heat transfer. Liquid
contact with the wall plays an important role in enabling this gradual transition in the wall
heat transfer.
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Figure 4.15. Effect of wall superheat on the experimental heat transfer coefficient.
Figures 4.16, 4.17, and 4.18 provide the heat transfer coefficient as a function of
system pressure, mass flux, and inlet subcooling, respectively. A difference in the heat
transfer coefficient is observed between the two subcooling conditions (cases 1–4 versus
5–7, and 11–14 versus 15–20) at the onset of CHF; however, this may be in part due to
the difference between the two separate configurations, mainly the difference between the
heater panels for each configuration. This is more clearly evident when comparing the
data collected at similar test conditions with the two separate configurations as provided
in Figures 4.19 and 4.20. The heat transfer coefficient at the onset of CHF for Case 5 is
≈ 11, 000W/msK versus ≈ 8, 000W/msK for Case 7. Similarly, the heat transfer coefficient
for Case 15 is ≈ 16, 000W/msK versus ≈ 8, 000W/msK for Case 20. This delta is primarily
caused by the difference in wall superheat (caused by the two different panels). It should
be noted, the boundary conditions (system pressure, inlet temperature, and flow) were not
matched exactly so part of the difference in the heat transfer coefficient is caused by the
difference in boundary conditions. In the developed post-dryout flow regime (i.e., the point
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Figure 4.16. Effect of system pressure on the experimental heat transfer coefficient.
at which no liquid contact is detected at the wall) the heat transfer coefficient appears to
only be a function of the mass flux, with a 5–15% difference in the heat transfer coefficient
between the high and lowmass flux for a given pressure and inlet subcooling. The difference
in the heat transfer coefficient at the start of fully developed post-dryout flow is shown in
Figure 4.21 for test cases 1 through 4.
The heat transfer data is presented in terms of the Nusselt number (Nu = hDhk f ) versus
wall superheat in Figure 4.22, and Nusselt number versus Jakob number (Ja = Cpg (Tw−Tsat )i f g )
in Figure 4.23. As expected, the Nusselt number was observed to decrease with increasing
wall superheat and Jakob number.
4.2.3. Liquid Contact Fraction Data. The LCF data collected as a part of the
current study is provided in Figure 4.24 on a linear scale and in Figure 4.25 on a log-
linear scale. The liquid contact detection criteria outlined in Section 3.5.7 was used to
extract the LCF data from the transient thermistor signals. The slight “gap” in the data
between LCF values of 0.4 and 0.5 is an artifact of the liquid contact detection criteria. As
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Figure 4.17. Effect of mass flux on the experimental heat transfer coefficient.




















































Figure 4.18. Effect of inlet subcooling on the experimental heat transfer coefficient.
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Figure 4.19. Effect of mass flux on the experimental heat transfer coefficient for different
test configurations (cases 5 & 7).
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Figure 4.20. Effect of mass flux on the experimental heat transfer coefficient for different
test configurations (cases 15 & 20).
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Figure 4.21. Effect of mass flux on the experimental heat transfer coefficient (cases 1–4).
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Figure 4.22. Experimental heat transfer data plotted as a function of Nusselt number versus
wall superheat.
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Figure 4.23. Experimental heat transfer data plotted as a function of Nusselt number versus
Jakob number.
discussed in Section 3.5.7, two separate criteria were developed to define liquid contact,
the “gap” in the plot is caused by the transition from one criteria to the other. As shown
in Figure 4.24, the LCF appears to decrease exponentially with increasing wall superheat
similar to the wall heat transfer coefficient data presented in Figure 4.15. Figures 4.26 and
4.27 provides the LCF data as a function of the wall heat transfer coefficient and Nusselt
number, respectively. As expected, the LCF decreases with decreasing wall heat transfer
providing further evidence that liquid contact is an important mechanism in wall heat
transfer in the developing post-dryout regime. This is consistent with the trends reported
by Cokmez-Tuzla [13–15]. The data reported by [13] has been digitized and is provided in
Figures 4.28 and 4.29 for reference, the mass fluxes (G) provided in legend entries are in
kg/m2s. Note, not all of the data points provided in Cokmez-Tuzla [13] could be digitized
as it was difficult to discern the run ID for certain points.
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Figure 4.24. Effect of wall superheat on LCF.
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Figure 4.25. Effect of wall superheat on LCF (plotted on log scale).
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Figure 4.26. Plot of LCF as a function of experimental heat transfer coefficient.








































Figure 4.27. Plot of LCF as a function of Nusselt number.
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Figure 4.28. Liquid contact fraction data from Cokmez-Tuzla [13] plotted as a function of
wall superheat.
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Figure 4.29. Liquid contact fraction data from Cokmez-Tuzla [13] plotted as a function of
heat transfer coefficient.
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Figure 4.30. Effect of system pressure on LCF.
Figures 4.30 and 4.31 provide the LCF data as a function of pressure and mass
flux, respectively. As shown in Figures 4.30 and 4.31, the LCF is independent of the
system pressure and mass flux. A subset of the data, test cases 1 through 4, is provided in
Figure 4.32 to facilitate easy comparison of data at different mass fluxes.
In addition to the LCF information, additional details such as liquid contact duration,
frequency, and the magnitude of temperature change can also be extracted from the transient
thermistor signals. This data was extracted for the test runs where the liquid contact
identification criteria was used to obtain LCF data. Note, liquid contact duration, frequency,
and the magnitude of temperature change data was not extracted from the test runs where
the vapor contact identification criteria was used as that data would not be relevant.
Figure 4.33 provides the average liquid contact duration (for a given data scan) as a
function of the average wall superheat. The liquid contact duration was observed to decrease
as the average wall temperature increases. Physically this makes sense because as the wall
temperature increases the liquid droplets approaching the wall will evaporate decreasing in
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Figure 4.31. Effect of mass flux on LCF.
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Figure 4.32. Effect of mass flux on LCF (cases 1–4).
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Figure 4.33. Average liquid contact duration plotted as a function of wall superheat.
size and reducing the thermal mass prior to contact with the wall. The reduction in thermal
mass results in reduction in the time required to evaporate the drop. The liquid contact
duration was also observed to decrease with increasing mass flux as shown in Figure 4.34
and 4.35. No discernible trends in contact duration were observed with pressure or inlet
subcooling.
The average change in temperature resulting from liquid contact is presented as a
function of wall superheat in Figure 4.36. The temperature drop during liquid contact was
observed to first increase with wall superheat reaching a maximum value then decrease
with increasing wall superheat; this trend is consistent with the trend reported by Cokmez-
Tuzla [13]. At low wall superheat liquid contact can efficiently remove heat from the wall;
however, at higher wall superheat the droplets decrease in size and are not able to cool the
wall as effectively. This increasing then decreasing trend in temperature drop during liquid
contact is more apparent in Figure 4.37, which provides the maximum temperature drop
measured during liquid contact for a given data scan as a function of wall superheat. The
average change in temperature during liquid contact was observed to decrease slightly with
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Figure 4.34. Effect of mass flux on average liquid contact duration.
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Figure 4.35. Effect of mass flux on average liquid contact duration (cases 1–4).
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Figure 4.36. Average temperature change during liquid contact plotted as a function of wall
superheat.
increasing pressure as shown in Figures 4.38 through 4.40, as well as with increasing mass
flux as shown in Figures 4.41 and 4.42. No discernible trend in the average temperature
change was observed with inlet subcooling.
Figure 4.43 provides the frequency of liquid contact as a function of wall superheat.
As expected, the frequency of liquid contact decreases with increasing wall superheat due
to the evaporation of the drops prior to reaching the wall at the higher wall temperature/heat
flux. For a given inlet subcooling and pressure, the liquid contact frequency appears to
increase with increasing mass flux, as shown in Figure 4.44, possibly due to the decreased
outlet quality at higher mass fluxes. This is consistent with the decreasing liquid contact
duration trend observed with increasing mass flux (Figure 4.35). However, this trend was
only found to be true for the high pressure and high subcooling test cases (cases 11–14) as
shown in Figure 4.45. For the remaining test cases no discernible trend in liquid contact
frequency was observed with changes in mass flux as shown in Figure 4.46 for test cases 1
through 4.
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Figure 4.37. Maximum temperature change during liquid contact plotted as a function of
wall superheat.



























































Figure 4.38. Effect of system pressure on average temperature change during liquid contact.
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Figure 4.39. Effect of system pressure on average temperature change during liquid contact
(cases 1–4 & 11–14).
















































Figure 4.40. Effect of system pressure on average temperature change during liquid contact
(cases 5–7 & 15–20).
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Figure 4.41. Effect of mass flux on average temperature change during liquid contact.
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Figure 4.42. Effect of mass flux on average temperature change during liquid contact (cases
1–4).
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Figure 4.43. Liquid contact frequency plotted as a function of wall superheat.
Figure 4.47 provides the liquid contact frequency as a function of pressure. Similar
to the trends in mass flux, the contact frequency was observed to increase with increasing
pressure for the high inlet subcooling conditions, as shown in Figure 4.48, but the trend does
not hold true for the low subcooling conditions as shown in Figure 4.49. Data at additional
pressures, inlet subcoolings, and mass fluxes as well as detailed flow field information such
as liquid droplet size and distribution are needed to understand the dependence of liquid
contact frequency on mass flux as well as pressure.
4.2.4. Prediction of Heat Transfer Data. The experimental LCF data in combi-
nation with several existing correlations for nucleate and film boiling heat transfer was used
to predict the developing post-dryout heat transfer using Equation 2.10. The following
nucleate boiling heat transfer correlations were used for the comparison: Jens and Lottes
[71], Thom et al. [72], Chen [28], Shah [73], Gungor and Winterton [74], and Schrock
and Grossman [75]. To estimate the film boiling heat transfer component the following
correlations were used: Dittus and Boelter [76], Dougall and Rohsenow [77], Forslund
108
950 1150 1350 1550 1750 1950 2150 2350 2550











































Figure 4.44. Effect of mass flux on liquid contact frequency.
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Figure 4.45. Effect of mass flux on liquid contact frequency (cases 11–14).
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Figure 4.46. Effect of mass flux on liquid contact frequency (cases 1–4).












































Figure 4.47. Effect of system pressure on liquid contact frequency.
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Figure 4.48. Effect of system pressure on liquid contact frequency (cases 1–4 & 11–14).

































Figure 4.49. Effect of system pressure on liquid contact frequency (cases 5–7 & 15–20).
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and Rohsenow [10], and Groeneveld [78]. The correlations are provided in Table 4.3 for
reference. This comparison was performed to understand the accuracy of the various com-
binations of the nucleate boiling and film boiling heat transfer correlations at predicting the
test data.
Table 4.3. Existing correlations for nucleate boiling and film boiling heat transfer.
Author(s) Model/Correlation
Nucleate Boiling Correlations
Jens and h = 1.265 exp (P/6.2)(q′′)0.75
Lottes [71] P is in MPa, and q′′ is inW/m2
Thom [72] h = 44.053 exp (P/8.7)(q′′)0.5
P is in MPa, and q′′ is inW/m2
Chen [28] h = hNB + hc





Fc = 1 for 1Xtt < 0.1 and Fc = 2.35(0.213 +
1
Xtt
)0.736 for 1Xtt > 0.1
1
Xtt
= ( x1−x )
0.9( ρ fρg )





















∆Tsat = Tw − Tsat and ∆P = P(Tw) − P(Tsat )
Shah [73] h = hNcB if hNB > hc otherwise h = hc







Nc = Co for vertical tubes, Co = ( 1−xx )
0.8( ρgρ f )
0.5
for Nc < 0.1 hNcB = FSBo0.5h f exp (2.47N−0.15c )
for 1.0 > Nc < 0.1 hNcB = FSBo0.5h f exp (2.74N−0.1c )
for Nc > 1.0 and Bo > 0.0003 hNcB = 230Bo0.5h f
for Nc > 1.0 and Bo < 0.0003 hNcB = (1 + 46Bo0.5)h f
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for Bo > 0.0011 FS = 14.7 and for Bo < 0.0011 FS = 15.43
Gungor and h = hliqOnly (1 + 3000Bo0.86 + ( xe1−xe )
0.75( ρ fρg )
0.41)




Schrock and h = hliqOnlyC1(Bo + C2( 1Xtt )
0.66
Grossman [75] C1 = 7.39 · 103, and C2 = 1.5 · 10−4
Film Boiling Correlations
Dittus and h = 0.023Re0.8v Pr0.4g
kg
Dh
Boelter [76] Rev = GxeDhµg
Dougall and
Rohsenow [77]









































Figure 4.50 provides the experimental heat transfer coefficient plotted as a function
of wall superheat. In addition, the predicted heat transfer coefficient using the various
nucleate boiling and film boiling correlations is also presented. As expected the heat
transfer coefficient predicted using the nucleate boiling correlations matches closely with
the test data at low wall superheat. Likewise, at high wall superheat the experimental heat
transfer coefficient is closer to that predicted by the film boiling correlations. The gradual
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transition of the experimental heat transfer coefficient from values typical of nucleate boiling
heat transfer to values typical of film boiling heat transfer provides further evidence that
during the transition from CHF to fully developed film boiling heat is transferred from the
wall by both liquid and vapor contact.
Figure 4.51 provides the comparisons of the measured versus predicted developing
post-dryout heat transfer using the experimental LCF data with the Jens-Lottes nucleate
boiling heat transfer correlation and various film boiling heat transfer correlations. As
shown in Figure 4.51, the predicted heat transfer appears to be relatively independent of
the selection of the film boiling heat transfer correlation, this is because the heat transfer
due to nucleate boiling is more than an order of magnitude larger than the heat transfer
due to film boiling. The insensitivity to the selection of the film boiling heat transfer
correlation demonstrates the importance of modeling direct liquid contact heat transfer in
the developing post-dryout flow regime. For LCFs greater than 0.1, more heat must be
removed through direct liquid contact with the wall (due to boiling of the liquid at the wall)
as compared to heat removal due to vapor contact. As the LCF decreases below 0.1, the
film boiling term becomes more significant. All of the selected film boiling correlations
under predict the heat transfer as the fully developed post-dryout flow regime is reached. A
possible explanation for this is that none of the selected film boiling correlations account for
the evaporation of the liquid still present in the core of the channel but not able to contact
the wall.
Figure 4.52 provides the comparisons of the measured versus predicted developing
post-dryout heat transfer using the experimental LCF data with various nucleate boiling heat
transfer correlations and the Groeneveld correlation (with coefficients for tubes and annuli)
for the film boiling heat transfer component. As shown in Figure 4.52, the combination of
Jens-Lottes (nucleate boiling) and Groeneveld (film boiling) correlations was themost accu-
rate at predicting the experimental datawith anRMSerror of 30.0%. TheThom/Groeneveld,
Shah/Groeneveld, Gungor-Winterton/Groeneveld, and Schrock-Grossman/Groeneveld all
114
Figure 4.50. Comparison of experimental and predicted heat transfer coefficient plotted as a function of wall superheat.
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Figure 4.51. Comparison of experimental versus predicted heat transfer coefficient (experimental LCF with Jens-Lottes nucleate boiling
correlation and various film boiling correlations).
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over predicted the experimental data with RMS errors of 73.7%, 117.1%, 70.2%, 49.2%,
respectively. The Chen/Groeneveld combination under predicted the test data with an RMS
error of 58.7%.
4.3. CORRELATION DEVELOPMENT
In order to develop a correlation to predict the wall heat transfer in the developing
post-dryout flow regime, a form must first be suggested. Based on the experimental data, an
exponential decay form is utilized to predict liquid contact fraction which can then be used
to predict the wall heat transfer in the developing post-dryout flow regime using Equation
2.10.
4.3.1. Dimensional Analysis. A correlation based on dimensionless parameters
enables the application of that correlation to multiple fluids. The Buckingham pi theorem
([79]) was used to determine the relevant dimensionless parameters for predicting the LCF.
The following were identified as the important variables for the current study: f , Dh, G,
q′′, ∆Twall (= Twall − Tsat), µ, k, Cp, i f g, and σ. Performing the dimensional analysis,
the resulting dimensionless groups were determined to be: Reynolds number (Re), Prandtl
number (Pr), Jakob number (Ja), Boiling number (Bo), and Weber number (We). To
determine the significance of these parameters in predicting the LCF, the LCF data was
plotted as a function of each dimensionless number as shown in Figures 4.53 through 4.57.





) and the ratio of the system pressure to the critical pressure ( PPc ) are provided in
Figures 4.58 and 4.59, respectively. The dimensionless numbers were evaluated using vapor
properties at saturation temperature and the hydraulic diameter, Dh, as the characteristic
dimension.
4.3.2. Proposed Correlation. The LCF was found to be strongly dependent on the
Jakob Number and the heat flux ratio. These two dimensionless parameters were combined
with the Reynolds number, Prandtl number, Boiling number, Weber number, and the critical
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Figure 4.52. Comparison of experimental versus predicted heat transfer coefficient (experimental LCF with various nucleate boiling
correlations and Groeneveld film boiling correlation).
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Figure 4.53. Effect of Reynolds number on LCF.
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Figure 4.54. Effect of Prandtl number on LCF.
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Figure 4.55. Effect of Jakob number on LCF.
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Figure 4.56. Effect of Boiling number on LCF.
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Figure 4.57. Effect of Weber number on LCF.




















Figure 4.58. Effect of heat flux ratio on LCF.
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Figure 4.59. Effect of critical pressure ratio on LCF.











where C1 through C9 are constants derived from the test data. The value for each constant
was determined using a non-linear regression method minimizing the sum of the square of




( fiMeas − fiPred )2 (4.2)
Minimizing the sum of square error (SSE) ensured the final value for each constant provides
the best overall fit of correlation to the test data. The Prandtl number, Weber number, and
critical pressure ratio terms were found to have negligible impact on the overall accuracy of
the correlation as compared to the other terms; therefore, these three terms were removed
from the final form of the correlation, Equation 4.3, obtained using nonlinear regression.
The lack of dependence on the Weber number was unexpected and is suspected to be to a
result of the use of the hydraulic diameter for the characteristic length instead of a parameter
based on droplet geometry such as droplet diameter. Additional flow field information such
as liquid droplet size and distribution could aid in confirming the dependence of LCF on
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The correlation was developed using the test data with system pressure ranging from
220 to 290KPa, inlet subcooling ranging from −0.245 to −0.378, and mass flux ranging
from 1015 to 2085kg/m2s. The applicable range for the dimensionless numbers are as
follows:
• Jakob number: 0.08 to 0.95
• Boiling number: 7.77 · 10−4 to 1.43 · 10−3
• Reynolds number: 1030 to 58500
• Heat flux ratio: 0.96 to 1.04
Figure 4.60 provides the comparison of the predicted LCF with the test data. For LCFs
greater than 0.01, which accounts for 97.6% of the test data, the average error is 9.7% and
an RMS error of 11.9%. The average error for the entire data set was found to be 24.1%
with an RMS error of 11.8% and an SSE of 1.7.
4.3.3. Comparison of Proposed Correlation with Test Data. The proposed cor-
relation in combination with several existing correlations for nucleate and film boiling heat
transfer was used to predict the current developing post-dryout heat transfer data using
Equation 2.10. The following nucleate boiling heat transfer correlations were used for the
comparison: Jens and Lottes [71], Thom et al. [72], Chen [28], Shah [73], Gungor and
Winterton [74], and Schrock and Grossman [75]. Based on the lack of sensitivity to the var-
ious film boiling heat transfer correlations used in the comparison to experimental LCF data
(see discussion in Section 4.2.4), only the Groeneveld [78] correlation (with coefficients
for tubes and annuli) was used for the film boiling component. Figure 4.61 provides the
comparison of the measured versus predicted developing post-dryout heat transfer using the
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Figure 4.60. Comparison of proposed LCF correlation with test data.
predicted LCF (calculated per Equation 4.3) with the various nucleate boiling heat transfer
correlation and the Groeneveld correlation for film boiling heat transfer. As shown in Fig-
ure 4.61, the combination of Jens-Lottes (nucleate boiling) and Groeneveld (film boiling)
correlations was the most accurate at predicting the experimental data with an RMS error
of 28.4%. The Thom/Groeneveld, Shah/Groeneveld, Gungor-Winterton/Groeneveld, and
Schrock-Grossman/Groeneveld all over predicted the experimental data with RMS errors
of 70.6%, 112.1%, 66.9%, 46.0%, respectively. The Chen/Groeneveld combination under
predicted the test data with an RMS error of 57.7%.
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Figure 4.61. Comparison of experimental versus predicted heat transfer coefficient (predicted LCF with various nucleate boiling
correlations and Groeneveld film boiling correlation).
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An attempt was made to use the proposed correlation (Equation 4.3) to predict a
subset of the experimental data reported by Becker et al. [33]. It should be noted that
the Becker et al. test was not designed to focus on the developing post-dryout flow regime
and as such did not attempt to measure LCF. Becker et al. collected limited data in the
developing post-dryout flow regime. In addition, only a subset of the Becker et al. data was
obtained at pressures equivalent (scaled) to the present work. As a result, only data obtained
at or below 7.0MPa was used for comparison with the proposed correlation. Figure 4.62
provides the comparisons of the Becker et al. post-dryout data using the proposed correlation
to estimate the LCF (calculated per Equation 4.3), the Jens-Lottes correlation for the nucleate
boiling heat transfer term and the Groeneveld correlation for film boiling heat transfer term.
The predicted LCF for over 92% of the data was less than 0.001. Figure 4.63 provides
comparisons of a subset of the data (only the developing post-dryout data) provided in
Figure 4.62. The proposed correlation mostly under predicts the overall heat transfer with
an RMS error of 106%; however, this high error is in part due to the selection of the nucleate
boiling (and to some extent the film boiling) heat transfer correlation. The correlations
used to estimate the nucleate boiling and film boiling heat transfer components introduce
additional error that contribute to the overall accuracy of the developing post-dryout heat
transfer prediction as shown to be the case in the above comparison of the Becker et al. data.
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Figure 4.62. Comparison of heat transfer coefficient prediction of selected Becker [33] data.
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Figure 4.63. Comparison of heat transfer coefficient prediction of a subset of selected
Becker [33] data.
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5. CONCLUSIONS AND FUTUREWORK
5.1. CONCLUSIONS
Flow boiling experiments were conducted in the EVeL test facility to study liquid
contact with the heated wall in the developing post-dryout flow regime. Based on the
reviewed literature, much of the prior work on post-dryout focused on the fully developed
post-dryout flow ignoring (or neglecting) the contribution of direct liquid contact heat
transfer in the flow region immediately downstream of the dryout CHF location. As part
of the current study a thermal hydraulic test loop (EVeL) was redesign and constructed
to conduct flow boiling experiments specifically focusing on the developing post-dryout
region immediately downstream of the CHF location. A test section with a rectangular
flow geometry was designed and fabricated to obtain CHF and LCF data. In order to detect
liquid contact with the heated wall heater surface mounted thermistors were developed.
The thermistors provided the transient wall temperature data that was used to obtain LCF
information.
CHF and LCF data was obtained for twenty different test conditions with exit
pressures ranging from 221 to 287KPa, inlet temperatures ranging from 318 to 339K , and
mass fluxes ranging from 1025 to 2050kg/m2s. In general for a given pressure and mass
flux, CHF was observed to decrease with increasing equilibrium quality consistent with
trends reported in previous studies. CHF was also observed to decrease with increasing
pressure for a constant mass flux and inlet subcooling. For a constant pressure and inlet
subcooling, CHF was observed to increase with increasing mass flux as a result of improved
bubble transport from the wall [59]. For a given pressure and mass flux, CHF was observed
to increase with increasing inlet subcooling due to the additional heat required to remove
the added subcooling.
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The CHF data from the current study was compared to several CHF correlations and
was found to compare favorably with the Bowring, Katto-Ohne, and Shah correlations. The
Bowring correlation predicted the current data with an RMS error of 7.7% when the input
conditions were scaled to water equivalent conditions using Weber/Froude scaling to scale
the geometry and mass flux. The Katto-Ohne and Shah correlations predicted the current
CHF data with RMS errors of 8.6% and 11.1%, respectively.
Developing post-dryout test data was collected up to the point at which liquid contact
with the heated wall was no longer observed (as indicated by the heater surface mounted
thermistors). As expected, wall temperature was observed to increase rapidly with small
increases in wall heat flux. LCF data was derived from the transient wall temperature
measurements made using the heater surface mounted thermistors. Two separate criteria
were established to extract the LCF information as discussed in Section 3.5.7. As expected
the LCF was observed to decrease with increasing wall temperature (and therefore wall
superheat). The wall heat transfer coefficient was observed to exponentially decay with
increasing wall superheat. These two observations highlighted the significance of modeling
the heat transfer from direct liquid contact in the developing post-dryout flow regime.
The current testing generated a new data set consisting of over 500 liquid contact
fraction data points providing further confirmation that direct contact with the heated wall
is possible in the developing post-dryout flow regime. The LCF data obtained in the current
study showed trends consistentwith the trends reported byCokmez-Tuzla. The datawas used
to develop a correlation to enable heat transfer prediction in this transition region between
CHF and fully developed post-dryout flow. The proposed correlation predicts the 97% of
experimental LCF data with an average error of 9.7% and a RMS error of 11.9%. Using the
predicted LCF data in combination with the Jens-Lottes (nucleate boiling component) and
Groeneveld (film boiling component) correlations, the experimental heat transfer coefficient
data was predicted with an RMS error of 28.4%. The proposed correlation did not do a
good job at predicting the Becker et al. data; however, the selection of the nucleate boiling
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heat transfer correlation is suspected to have contributed to the high error. In addition,
the bulk of the Becker et al. data comprised of fully developed post-dryout data so a fair
comparison was not possible.
5.2. FUTUREWORK
Several areas of development/improvement were identified during test data col-
lection and correlation development to further improve the understanding of CHF and
post-dryout heat transfer. These areas include: collection of liquid contact fraction data
at additional pressure, inlet subcooling, and mass flux conditions, detailed flow field data
including droplet size/distribution and void fraction data in the developing post-dryout flow
regime, the effects of flow geometry on liquid contact in the developing post-dryout flow
regime, improved predictive capability of heat transfer in the nucleate boiling and film boil-
ing regimes, and test hardware improvements including further development of the heater
surface mounted thermistor technology.
As discussed in Section 4.2.3 liquid contact data at additional pressures, inlet sub-
coolings, andmass fluxes is needed to further understand the effects of pressure, temperature,
and mass flux on liquid contact in the developing post-dryout flow regime. In addition, the
additional liquid contact fraction data could be used to further validate (and improve) the
proposed correlation for LCF. Detailed flow field data including droplet size, droplet distri-
bution and void fraction information could be used to further understand the heat transfer
mechanisms in the developing post-dryout flow regime and refine the proposed correlation.
In order to study the effects of geometry on liquid contact, it is recommended that
a series of steady-state experiments covering a range of flow geometries (tube, annulus,
etc.) be conducted. The data obtained from such tests would further expand the currently
limited developing post-dryout data set and allow development and validation of a more
mechanistic based model for the developing post-dryout heat transfer.
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As discussed in Sections 4.2.4 and 4.3.3 the current nucleate boiling and film boiling
heat transfer models can vary greatly in their ability to predict test data. This is expected
of empirical correlations; however, improvements could be made to these correlations (or
new correlations could be developed) by re-evaluating the existing nucleate boiling and film
boiling test data available in the open literature. The use of more mechanistic models may
be possible; however, many of these models are computationally intensive.
Lastly, the current study is the first time heater surface mounted thermistor tech-
nology has been used to study liquid contact in the developing post-dryout flow regime.
Although, the current design was successfully used to detect liquid contact with the wall,
the measurement was limited to a small area. The technology could be developed further
to allow liquid contact detection over a large area. In addition, the lifetime of a heater
panel was found to be reduced when exposed to CHF and/or post-dryout conditions due to
possible breakdown of the fluid at elevated temperatures. Alternative thick film materials
could be evaluated to extend the usable life of heater panels.
APPENDIX A.
VERTREL XF MATERIAL PROPERTIES
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The experiments for this study were conducted in the EVeL test facility using a
modeling fluid, trade name Vertrel XF. Vertrel XF, empirical formula C5H2F10, is man-
ufactured by the Chemours Company. The use of a modeling fluid, such as Vertrel XF,
enables simulation of the thermal-hydraulics of a steam/water system at relatively lower
pressures, temperatures, and power requirements. Other applications for Vertrel XF include
functionality as a cleaning and rinsing agent, solvent and dispersion media, heat transfer
media, and as a replacement for hydrochloro-fluorocarbons and perfluorocarbons [80].
In order to analyze the data collected in this study basic thermal property data
such as density, thermal conductivity, enthalpy, etc. over a range of temperatures was
required. This information was requested from the manufacturer, Chemours, and saturation
property information was received in tabular format (Table 1). In addition, Chemours also
provided a pressure-enthalpy diagram (Figure 1). In order to interpolate between the values
provided in Table 1 several curve fits were generated utilizing the Microsoft Office Excel
software. The curve fits are provided in Table 2 along with the value of the correlation
coefficient (R2). An R2 value close to 1.0 indicates a good fit to the data. The curve fit
polynomial orders were established to maintain an R2 value to as close as 1.0 as practical.
The applicable temperature and pressure ranges for the curve fits are 283.15 to 423.15K
and 15 to 1269KPa. In general the difference between the tabular data and curve fits is
within ±0.25% over the applicable temperature and pressure ranges. The curve fit for vapor
density is accurate to within ±2.0% for fluid temperatures between 283.15K and 320K and
within ±0.25% for fluid temperatures between 320K and 423.15K .
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Table 1. Vertrel XF material property data [80].
Temperature Pressure Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor Surface Liquid Vapor
Density Density Specific Specific Thermal Thermal Viscosity Viscosity Tension Enthalpy Enthalpy
Heat Heat Conductivity Conductivity
K Pa kg/m3 kg/m3 KJ/kgK KJ/kgK mW/m-K mW/m-K cPoise cPoise N/m KJ/kg KJ/kg
283.15 15033 1620.2 1.627 1.0582 0.80013 63.818 17.407 0.83329 0.016243 0.015204 210.48 342.96
288.15 19266 1608.6 2.0541 1.0692 0.80982 63.278 17.93 0.76258 0.016533 0.014664 215.8 346.91
293.15 24439 1596.6 2.5685 1.0803 0.81948 62.749 18.457 0.70091 0.016822 0.014126 221.17 350.88
298.15 30701 1584.1 3.1831 1.0916 0.82912 62.231 18.991 0.64664 0.01711 0.013593 226.6 354.89
303.15 38219 1571.2 3.912 1.103 0.83876 61.722 19.53 0.59852 0.017399 0.013063 232.09 358.92
308.15 47170 1557.9 4.7703 1.1146 0.84841 61.221 20.074 0.55554 0.017686 0.012538 237.64 362.98
313.15 57748 1544.1 5.7749 1.1264 0.85808 60.73 20.624 0.51691 0.017973 0.012016 243.24 367.06
318.15 70160 1529.8 6.9437 1.1385 0.86779 60.247 21.179 0.482 0.018259 0.011498 248.91 371.16
323.15 84627 1515 8.2966 1.1508 0.87755 59.771 21.74 0.45028 0.018546 0.010985 254.64 375.27
328.15 101380 1499.6 9.8549 1.1634 0.8874 59.303 22.307 0.42131 0.018832 0.010476 260.43 379.4
333.15 120680 1483.6 11.642 1.1764 0.89734 58.842 22.879 0.39474 0.019119 0.009971 266.28 383.55
338.15 142780 1467 13.685 1.1898 0.90742 58.386 23.458 0.37027 0.019406 0.0094709 272.2 387.69
343.15 167960 1449.7 16.01 1.2036 0.91765 57.936 24.043 0.34763 0.019694 0.0089756 278.18 391.85
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Table 1. Vertrel XF material property data [80]. (cont.)
Temperature Pressure Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor Surface Liquid Vapor
Density Density Specific Specific Thermal Thermal Viscosity Viscosity Tension Enthalpy Enthalpy
Heat Heat Conductivity Conductivity
K Pa kg/m3 kg/m3 KJ/kgK KJ/kgK mW/m-K mW/m-K cPoise cPoise N/m KJ/kg KJ/kg
348.15 196500 1431.7 18.651 1.218 0.92809 57.492 24.634 0.32661 0.019985 0.0084852 284.24 396
353.15 228720 1413 21.64 1.233 0.93878 57.052 25.233 0.30702 0.020277 0.0079998 290.37 400.14
358.15 264920 1393.4 25.019 1.2487 0.94977 56.616 25.841 0.2887 0.020573 0.0075198 296.57 404.28
363.15 305450 1372.9 28.831 1.2652 0.96114 56.183 26.457 0.27151 0.020873 0.0070453 302.85 408.41
368.15 350640 1351.6 33.125 1.2828 0.97296 55.754 27.083 0.25532 0.021178 0.0065765 309.22 412.52
373.15 400850 1329.2 37.959 1.3016 0.98535 55.327 27.722 0.24002 0.02149 0.0061137 315.67 416.6
378.15 456460 1305.6 43.398 1.3217 0.99845 54.902 28.374 0.22553 0.021812 0.0056572 322.21 420.65
383.15 517840 1280.9 49.52 1.3437 1.0124 54.479 29.042 0.21175 0.022145 0.0052073 328.84 424.66
388.15 585410 1254.9 56.415 1.3677 1.0275 54.057 29.729 0.1986 0.022492 0.0047644 335.59 428.63
393.15 659580 1227.4 64.189 1.3944 1.044 53.636 30.44 0.18602 0.022857 0.0043288 342.44 432.54
398.15 740780 1198.4 72.973 1.4245 1.0624 53.218 31.178 0.17393 0.023244 0.003901 349.41 436.38
403.15 829460 1167.5 82.926 1.4588 1.0832 52.801 31.952 0.16229 0.023661 0.0034817 356.52 440.14
408.15 926100 1134.6 94.248 1.4989 1.1074 52.388 32.771 0.15102 0.024115 0.0030713 363.78 443.81
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Table 1. Vertrel XF material property data [80]. (cont.)
Temperature Pressure Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor Surface Liquid Vapor
Density Density Specific Specific Thermal Thermal Viscosity Viscosity Tension Enthalpy Enthalpy
Heat Heat Conductivity Conductivity
K Pa kg/m3 kg/m3 KJ/kgK KJ/kgK mW/m-K mW/m-K cPoise cPoise N/m KJ/kg KJ/kg
413.15 1031200 1099.4 107.19 1.5466 1.1362 51.982 33.645 0.14008 0.024617 0.0026706 371.21 447.35
418.15 1145200 1061.5 122.09 1.6051 1.1717 51.589 34.592 0.12938 0.025181 0.0022806 378.83 450.75
423.15 1268700 1020.4 139.4 1.6795 1.2173 51.218 35.634 0.11888 0.025829 0.0019024 386.67 453.97
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Figure 1. Vertrel XF pressure-enthalpy diagram [80].
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Table 2. Summary of Vertrel XF material property curve fits.
Thermal Input Output State Curve Fit R2 Value Figure
Property Units Units State Number
Density (ρ f ) K kg/m3 Liquid ρ f = −4.0097682710−11T6 + 8.0530100610−8T5 − 6.7500137910−5T4 + 3.0168120010−2T3 −
7.58122431T2 + 1.01394286103T − 5.45383196104
0.999999 2
Density (ρg) K kg/m3 Vapor ρg = 3.5825781110−11T6 − 7.1769918510−8T5 + 5.9968914910−5T4 − 2.6711762110−2T3 +




K Pa · s Liquid µ f = (1.2474981210−15T6 − 2.8116837910−12T5 + 2.6432408610−9T4 − 1.3279631010−6T3 +




K Pa · s Vapor µg = (1.8244868710−17T6−3.6679192010−14T5+3.0724406010−11T4−1.3718417110−8T3+





K W/mK Liquid k f = 1.0118904310−15T6 − 2.0686750310−12T5 + 1.7570662810−9T4 − 7.9431218210−7T3 +





K W/mK Vapor kg = 2.0334408010−15T6 − 4.0806309310−12T5 + 3.4111788610−9T4 − 1.5198621210−7T3 +
3.8065325210−4T2 − 5.0710585310−2T + 2.81285546
0.999999 7
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Table 2. Summary of Vertrel XF material property curve fits. (cont.)
Thermal Input Output State Curve Fit R2 Value Figure




K K/kgK Liquid Cpf = 4.3885381810−10T6 − 8.9111963910−7T5 + 7.5284339710−4T4 − 3.3859857910−1T3 +





K J/kgK Vapor Cpg = 2.9825501410−10T6 − 6.0637251910−7T5 + 5.1279246710−4T4 − 2.3082230010−1T3 +
5.83144089101T2 − 7.83670349103T + 4.38187295105
0.999990 9
Saturation
Enthalpy (i f )
K J/kg Liquid i f = (2.7446280710−12T6 − 5.5120352010−9T5 + 4.6197957810−6T4 − 2.0655716510−3T3 +




K J/kg Vapor ig = (−2.7887890610−12T6 + 5.6057678610−9T5 − 4.7013921610−6T4 + 2.1007088510−3T3 −




K N/m - σ = 7.5426675910−17T6 − 1.5039197910−13T5 + 1.2551269210−10T4 − 5.5913464810−8T3 +





K Pa - Psat = 5.0339908410−9T6 − 1.0257310610−5T5 + 9.6016234710−3T4 − 4.77385453T3 +
1.29578532103T2 − 1.82012485105T + 1.03928017107
0.999999 13
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Table 2. Summary of Vertrel XF material property curve fits. (cont.)
Thermal Input Output State Curve Fit R2 Value Figure




Pa K - Tsat = 5.4834920910−1(log P)4 − 7.52120843(log P)3 + 4.57983749101(log P)2 −
1.03349718102(log P) + 2.96983798102
0.999999 14
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Figure 2. Vertrel XF liquid density.

























Figure 3. Vertrel XF vapor density.
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Figure 4. Vertrel XF liquid viscosity.
























Figure 5. Vertrel XF vapor viscosity.
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Figure 6. Vertrel XF liquid thermal conductivity.

































Figure 7. Vertrel XF vapor thermal conductivity.
142



























Figure 8. Vertrel XF liquid specific heat capacity.


























Figure 9. Vertrel XF vapor specific heat capacity.
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Figure 10. Vertrel XF liquid enthalpy.


























Figure 11. Vertrel XF vapor enthalpy.
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Figure 12. Vertrel XF surface tension.




















Figure 13. Vertrel XF saturation pressure.
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An accurate measurement of wall temperature is necessary to evaluate the conse-
quence of post-dryout flow condition. In addition, studies have shown that liquid impinge-
ment can significantly improve the heat transfer in the flow region immediately downstream
of the CHF location. Custom thick film thermistors mounted on the surface of the heated
wall are used for wall temperature and liquid contact detection. The thermistor is made from
a resistive material that changes resistance with changes in temperature. Negative temper-
ature coefficient thermistors, whose resistance decreases with increasing temperature, are
utilized for wall temperature measurements. By measuring the resistance of the thermistor
the temperature can be determined using the Steinhart and Hart equation (Equation 1). The
constants ATm, BTm, andCTm are determined by performing a calibration of each thermistor.
The resistance is determined by supplying a constant current through the thermistor and
measuring the voltage drop across the thermistor, Resistance = Voltage/Current. A
schematic of the thermistor wiring is provided in Figure 1.
1
T
= ATm + BTm ln(RTm) + CTm(ln(RTm))3 (1)
Figure 1. Schematic of thermistor wiring.
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In order to determine the calibration coefficients (A, B, and C) the thermistor is
exposed to three known temperatures and the resistance of the thermistor is measured at
each temperature. With the three resistancemeasurements at the three temperature setpoints
a system of three equations and three unknowns (A, B, and C) can be setup as follows:
1
T1
= ATm + BTm ln(R1) + CTm(ln(R1))3 (2)
1
T2
= ATm + BTm ln(R2) + CTm(ln(R2))3 (3)
1
T3
= ATm + BTm ln(R3) + CTm(ln(R3))3 (4)
Cramer’s rule [81] is used to solve the system of equations (Equation 2). Four separate 3x3



































The calibration coefficients (A, B, and C) are calculated by taking the ratio of
the determinant of the matrices. Performing the calculations the equations for calibration
coefficients are as follows (Equation 9, 10, 11):
A =
T1T2((ln(R2))3 ln(R1) − (ln(R1))3 ln(R2))
T1T2T3((ln(R1))3 ln( R3R2 ) + (ln(R2))
3 ln( R1R3 ) + (ln(R3))
3 ln( R2R1 ))
+
T1T3((ln(R1))3 ln(R3) − (ln(R3))3 ln(R1))
T1T2T3((ln(R1))3 ln( R3R2 ) + (ln(R2))
3 ln( R1R3 ) + (ln(R3))
3 ln( R2R1 ))
+
−T2T3((ln(R3))3 ln(R2) − (ln(R2))3 ln(R3))
T1T2T3((ln(R1))3 ln( R3R2 ) + (ln(R2))
3 ln( R1R3 ) + (ln(R3))
3 ln( R2R1 ))
(9)
B =
T1T2(ln(R1))3 − T1T2(ln(R2))3 − T1T3(ln(R1))3 + T1T3(ln(R3))3
T1T2T3((ln(R1))3 ln( R3R2 ) + (ln(R2))
3 ln( R1R3 ) + (ln(R3))
3 ln( R2R1 ))
+
T2T3(ln(R2))3 − T2T3(ln(R3))3
T1T2T3((ln(R1))3 ln( R3R2 ) + (ln(R2))
3 ln( R1R3 ) + (ln(R3))
3 ln( R2R1 ))
(10)
C =
−T1T2 ln(R1) + T1T2 ln(R2) + T1T3 ln(R1) − T1T3 ln(R3) − T2T3 ln(R2) + T2T3 ln(R3)
T1T2T3((ln(R1))3 ln( R3R2 ) + (ln(R2))
3 ln( R1R3 ) + (ln(R3))
3 ln( R2R1 ))
(11)
APPENDIX C.
PHOTOGRAPHS OF TEST FACILITY AND TEST HARDWARE
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The experimental testing for this work was conducted in the EVeL test facility using
the test section designed and manufactured as a part of the current study. The following
contains images of the test facility and the test section assembly.
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Figure 1. View of the test facility prior to commencement of test section assembly. Left image: pressure transducers for loop pressure
drop measurements and accumulator tank (loop pressurizer/fluid storage tank). Center image: loop flow meters and loop piping. Right
image: loop pump, filter, heat exchanger and band preheaters.
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Figure 2. View of the test facility prior to commencement of test section assembly. Left image: pressure transducers for test section
pressure drop measurements and DAS cards. Right image: top left cabinet houses wiring/controllers for loop preheaters, bottom left
cabinet houses loop programmable logic controller (PLC), right hand side cabinet houses voltage and current transducers.
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Figure 3. Panoramic view of the test facility and assembled test section.
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Figure 4. Top image: edge spacer subassembly without edge windows (to be installed in two slots of the edge spacer). Bottom image:
close up of power contacts (group of three) and instrument contacts (group of twenty).
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Figure 5. View of the test section body with three heater panels stacked end-to-end and right
and left hand side edge spacer subassemblies installed. Edge preload rubber and preload
bar are also visible on the left hand side of image.
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Figure 6. Close up view of heater panel at the test section outlet with right and left hand side edge spacer subassemblies with edge
windows and traversable thermocouple installed. No instrument blades were installed on bottom edge spacer assembly as this interfaces
with the fused silica face window.
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Figure 7. Close up view of edge windows at the test section outlet on the left hand side of the test section.
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Figure 8. Close up view of edge windows and traverse mechanism for traversable thermocouple at the test section outlet on the right
hand side of the test section.
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Figure 9. View of the back of the test section with wire feedthrough connectors, packing
rubber, wire feedthrough clamps, and bottom cover (right hand side) installed.
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Figure 10. Close up view of the back of the test section with bottom covers installed, and
power and instrument wires shown exiting the pressure boundary.
Figure 11. Close up view of the test section inlet viewed through the inlet seal at the end
of the stack up. The cross-section is designed to facilitate a 2D flow field to aid in test
measurements and flow visualization.
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Figure 12. View of the test section body with top layer of silicone rubber and thick face
window installed.
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Figure 13. Side view (from the right hand side of the test section) of the test section body with thick face window installed. Edge
windows, traverse mechanism for edge thermocouple and pressure taps are also visible.
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Figure 14. View of the front of the test section with transparent polycarbobate shield
installed over the window clamp.
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Figure 15. View of the back of the test section with connector plugs for instrument and
power wires.
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Figure 16. View of the back of the test section with connector plugs. The large plugs are
for heater power and the small plugs are for thermistor instrumentation.
167
Figure 17. Close up view of the test section pressure taps and line routing.
APPENDIX D.
DEVELOPING POST-DRYOUT TEST DATA
169
The developing post-dryout data collected as part of the current study are presented
in Table 1. The data are time averaged values derived from each fifteen second data
scan. The first column provides the Case ID which corresponds to a specific system
pressure, inlet temperature, and mass flux boundary condition (see Table 3.3). The test
section configuration is specified in the second column. The time averaged system pressure,
inlet temperature, mass flux, wall temperature, heat transfer coefficient, and LCF for each
data scan are provided in the remaining columns. In addition, the Reynolds number
(Reg = GDh xeµg ), Jakob number (Jag =
Cpg (Tw−Tsat )
i f g















), ratio of system pressure to critical pressure ( PPc ), and predicted LCF are
also included for each data scan.
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Table 1. Summary of developing post-dryout test data.
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
1 2 224 318 1227 371 9035 0.926 19397 0.155 1.22E-03 0.960 0.754 186 0.098 0.984
1 2 224 318 1216 371 8934 0.884 22598 0.160 1.25E-03 0.978 0.754 253 0.098 0.932
1 2 224 318 1214 371 8945 0.890 22973 0.160 1.26E-03 0.978 0.754 261 0.098 0.931
1 2 224 318 1216 371 8895 0.877 24125 0.162 1.26E-03 0.987 0.754 288 0.098 0.898
1 2 224 318 1218 372 8829 0.896 23917 0.163 1.26E-03 0.987 0.754 283 0.098 0.897
1 2 224 318 1217 372 8719 0.869 23688 0.165 1.26E-03 0.986 0.754 278 0.098 0.895
1 2 224 318 1216 372 8685 0.854 24363 0.167 1.27E-03 0.989 0.754 294 0.098 0.882
1 2 224 318 1212 372 8636 0.873 24813 0.167 1.27E-03 0.989 0.754 305 0.098 0.879
1 2 224 318 1219 372 8629 0.835 24802 0.169 1.27E-03 0.995 0.754 304 0.098 0.856
1 2 224 318 1217 372 8609 0.844 24932 0.169 1.27E-03 0.995 0.754 308 0.098 0.855
1 2 224 318 1212 373 8338 0.811 26297 0.175 1.29E-03 1.000 0.754 342 0.098 0.821
1 2 224 318 1211 373 8326 0.812 26476 0.176 1.29E-03 1.000 0.754 347 0.098 0.820
1 2 224 318 1208 375 7846 0.774 26954 0.187 1.30E-03 1.005 0.754 359 0.098 0.774
171
Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
1 2 224 318 1208 374 7920 0.788 26937 0.186 1.30E-03 1.006 0.754 359 0.098 0.776
1 2 224 318 1202 380 6250 0.651 28325 0.236 1.31E-03 1.010 0.754 397 0.098 0.660
1 2 225 318 1201 377 7214 0.741 28366 0.205 1.31E-03 1.009 0.754 398 0.098 0.719
1 2 225 318 1210 380 6237 0.648 27839 0.238 1.31E-03 1.012 0.754 383 0.098 0.641
1 2 225 318 1210 379 6678 0.687 27764 0.222 1.31E-03 1.012 0.754 381 0.098 0.669
1 2 225 318 1210 381 6123 0.640 27864 0.243 1.31E-03 1.014 0.754 384 0.098 0.619
1 2 225 318 1209 383 5821 0.621 27922 0.255 1.31E-03 1.014 0.754 385 0.098 0.598
1 2 225 318 1208 386 5236 0.564 28270 0.284 1.31E-03 1.016 0.754 395 0.098 0.537
1 2 225 318 1208 386 5241 0.566 28310 0.284 1.31E-03 1.016 0.754 396 0.098 0.537
1 2 225 318 1207 390 4626 0.516 28501 0.322 1.32E-03 1.017 0.754 402 0.098 0.461
1 2 225 318 1207 401 3585 0.336 28600 0.416 1.32E-03 1.018 0.754 404 0.098 0.331
1 2 225 318 1205 400 3717 0.369 29030 0.401 1.32E-03 1.018 0.754 417 0.098 0.348
1 2 225 318 1205 401 3593 0.336 28971 0.416 1.32E-03 1.019 0.754 415 0.098 0.321
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
1 2 225 318 1201 414 2853 0.230 29916 0.524 1.33E-03 1.021 0.754 442 0.098 0.201
1 2 225 318 1199 419 2649 0.215 30229 0.565 1.33E-03 1.021 0.754 452 0.098 0.169
1 2 225 318 1207 418 2682 0.214 29694 0.558 1.32E-03 1.022 0.754 436 0.098 0.167
1 2 225 318 1210 416 2786 0.223 29267 0.538 1.32E-03 1.022 0.754 423 0.098 0.181
1 2 225 318 1207 428 2329 0.133 29727 0.644 1.33E-03 1.024 0.754 437 0.098 0.108
1 2 225 318 1206 431 2238 0.119 30061 0.671 1.33E-03 1.025 0.754 447 0.098 0.091
1 2 225 318 1204 447 1866 0.027 30453 0.805 1.33E-03 1.025 0.754 458 0.098 0.048
1 2 225 318 1204 445 1917 0.045 30345 0.784 1.33E-03 1.025 0.754 455 0.098 0.051
2 2 223 318 1364 372 8911 0.936 16007 0.168 1.17E-03 0.975 0.754 127 0.097 0.938
2 2 223 318 1361 372 8917 0.918 17858 0.169 1.18E-03 0.983 0.754 158 0.098 0.905
2 2 223 318 1370 372 8933 0.945 16939 0.169 1.18E-03 0.983 0.754 142 0.098 0.907
2 2 224 318 1377 372 8915 0.946 16802 0.170 1.17E-03 0.987 0.754 140 0.098 0.896
2 2 224 318 1379 372 8940 0.949 16559 0.169 1.17E-03 0.986 0.754 136 0.098 0.898
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
2 2 224 318 1374 372 8929 0.902 17820 0.171 1.18E-03 0.992 0.754 157 0.098 0.874
2 2 224 318 1371 373 8885 0.891 18465 0.172 1.19E-03 0.995 0.754 169 0.098 0.859
2 2 224 318 1371 373 8864 0.908 18544 0.172 1.19E-03 0.995 0.754 170 0.098 0.858
2 2 224 318 1377 373 8819 0.875 18766 0.174 1.19E-03 1.000 0.754 174 0.098 0.831
2 2 224 318 1379 373 8863 0.883 18322 0.173 1.19E-03 1.000 0.754 166 0.098 0.835
2 2 224 318 1370 374 8327 0.807 20306 0.185 1.20E-03 1.003 0.754 204 0.098 0.795
2 2 224 318 1369 375 7965 0.772 20996 0.194 1.20E-03 1.003 0.754 218 0.098 0.778
2 2 224 318 1368 377 7319 0.718 20845 0.212 1.21E-03 1.008 0.754 215 0.098 0.721
2 2 224 318 1369 376 7876 0.760 20378 0.197 1.21E-03 1.008 0.754 206 0.098 0.747
2 2 224 318 1367 382 6222 0.621 21480 0.249 1.21E-03 1.008 0.754 228 0.098 0.653
2 2 224 318 1367 383 5914 0.607 21252 0.263 1.21E-03 1.010 0.754 224 0.098 0.618
2 2 224 318 1368 379 6900 0.682 20847 0.225 1.21E-03 1.011 0.754 215 0.098 0.681
2 2 224 318 1362 390 4890 0.531 22149 0.318 1.22E-03 1.011 0.754 243 0.098 0.518
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
2 2 224 318 1381 379 6966 0.673 20356 0.224 1.21E-03 1.013 0.754 205 0.098 0.671
2 2 224 318 1383 376 7781 0.750 19773 0.200 1.20E-03 1.013 0.754 193 0.098 0.718
2 2 224 318 1383 378 7076 0.693 20108 0.221 1.20E-03 1.014 0.754 200 0.098 0.671
2 2 224 318 1380 383 6010 0.624 20756 0.260 1.21E-03 1.016 0.754 213 0.098 0.583
2 2 224 318 1383 381 6557 0.660 20265 0.239 1.21E-03 1.016 0.754 203 0.098 0.624
2 2 224 318 1375 388 5155 0.560 20989 0.304 1.22E-03 1.018 0.754 218 0.098 0.495
2 2 224 318 1373 395 4340 0.393 21306 0.361 1.22E-03 1.018 0.754 225 0.098 0.408
2 2 224 318 1374 403 3637 0.329 21389 0.431 1.22E-03 1.019 0.754 226 0.098 0.314
2 2 224 318 1376 396 4214 0.490 20917 0.372 1.22E-03 1.019 0.754 217 0.098 0.386
2 2 224 318 1373 409 3285 0.292 21416 0.479 1.22E-03 1.021 0.754 227 0.098 0.248
2 2 224 318 1374 425 2560 0.179 21592 0.614 1.22E-03 1.021 0.754 231 0.098 0.144
2 2 224 318 1371 440 2105 0.082 21811 0.748 1.22E-03 1.022 0.754 235 0.098 0.079
2 2 224 318 1372 437 2196 0.108 21556 0.717 1.22E-03 1.022 0.754 230 0.098 0.090
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
2 2 224 318 1372 421 2703 0.222 21512 0.583 1.22E-03 1.023 0.754 229 0.098 0.157
2 2 225 317 1374 436 2206 0.108 21421 0.714 1.22E-03 1.023 0.754 227 0.098 0.089
2 2 224 317 1374 431 2359 0.133 21268 0.668 1.22E-03 1.024 0.754 224 0.098 0.103
2 2 225 317 1373 436 2223 0.090 21676 0.711 1.23E-03 1.026 0.754 232 0.098 0.077
2 2 225 317 1377 437 2185 0.098 21385 0.724 1.22E-03 1.026 0.754 226 0.098 0.072
2 2 225 317 1377 450 1912 0.027 21390 0.828 1.23E-03 1.027 0.754 226 0.098 0.042
2 2 225 317 1374 452 1877 0.016 21724 0.844 1.23E-03 1.027 0.754 233 0.098 0.038
3 2 223 318 1550 372 9726 0.963 9301 0.165 1.11E-03 0.985 0.754 43 0.098 0.930
3 2 223 318 1538 372 9704 0.924 12547 0.167 1.12E-03 0.992 0.754 78 0.097 0.889
3 2 223 318 1539 372 9732 0.903 12529 0.166 1.12E-03 0.993 0.754 78 0.097 0.889
3 2 223 318 1541 372 9570 0.867 13810 0.170 1.13E-03 1.000 0.754 95 0.097 0.849
3 2 223 318 1543 372 9691 0.904 13362 0.168 1.13E-03 1.000 0.754 89 0.098 0.853
3 2 223 318 1544 374 8861 0.809 14431 0.186 1.14E-03 1.008 0.754 103 0.098 0.784
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
3 2 223 318 1545 373 9171 0.801 14382 0.179 1.14E-03 1.008 0.754 103 0.098 0.795
3 2 224 318 1550 381 6894 0.650 14625 0.241 1.14E-03 1.016 0.754 106 0.098 0.641
3 2 224 318 1547 384 6167 0.585 14973 0.269 1.14E-03 1.016 0.754 111 0.098 0.586
3 2 224 318 1544 407 3595 0.328 15691 0.462 1.15E-03 1.018 0.754 122 0.098 0.306
3 2 224 318 1545 398 4265 0.482 15427 0.389 1.15E-03 1.017 0.754 118 0.098 0.396
3 2 224 318 1543 410 3387 0.301 15779 0.491 1.15E-03 1.019 0.754 123 0.098 0.267
3 2 224 318 1545 403 3843 0.346 15516 0.433 1.15E-03 1.019 0.754 119 0.098 0.332
3 2 224 318 1542 412 3258 0.287 15818 0.511 1.15E-03 1.019 0.754 124 0.098 0.249
3 2 224 318 1542 425 2704 0.212 15980 0.617 1.15E-03 1.020 0.754 127 0.098 0.160
3 2 224 318 1544 412 3304 0.288 15631 0.504 1.15E-03 1.020 0.754 121 0.098 0.249
3 2 224 318 1545 409 3442 0.320 15579 0.484 1.15E-03 1.020 0.754 120 0.098 0.266
3 2 224 318 1542 448 2058 0.050 16117 0.810 1.15E-03 1.020 0.754 129 0.098 0.073
3 2 224 318 1541 447 2080 0.053 16274 0.802 1.16E-03 1.022 0.754 131 0.098 0.070
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
4 2 223 318 1707 372 10281 0.937 7370 0.168 1.08E-03 0.991 0.754 27 0.098 0.916
4 2 224 318 1714 372 10280 0.960 6729 0.169 1.08E-03 0.994 0.754 22 0.098 0.910
4 2 224 318 1714 372 10295 0.933 7062 0.169 1.08E-03 0.996 0.754 25 0.098 0.899
4 2 224 318 1713 372 10318 0.942 7278 0.169 1.09E-03 0.999 0.754 26 0.098 0.890
4 2 224 318 1713 372 10254 0.902 7811 0.170 1.09E-03 1.000 0.754 30 0.098 0.879
4 2 224 318 1711 372 10308 0.926 7888 0.169 1.09E-03 1.002 0.754 31 0.098 0.873
4 2 224 318 1710 373 10025 0.839 8488 0.175 1.09E-03 1.004 0.754 36 0.098 0.851
4 2 224 318 1711 373 9962 0.863 8250 0.176 1.09E-03 1.006 0.754 34 0.098 0.844
4 2 224 318 1708 375 9330 0.785 9060 0.189 1.10E-03 1.009 0.754 41 0.098 0.806
4 2 224 318 1707 375 9205 0.765 9437 0.191 1.10E-03 1.009 0.754 44 0.098 0.798
4 2 224 318 1717 375 9271 0.801 8574 0.190 1.09E-03 1.009 0.754 36 0.098 0.806
4 2 224 318 1717 374 9671 0.827 8400 0.183 1.10E-03 1.012 0.754 35 0.098 0.806
4 2 224 318 1702 392 5261 0.525 10629 0.336 1.11E-03 1.013 0.754 56 0.098 0.533
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
4 2 224 318 1712 388 5844 0.548 10142 0.303 1.10E-03 1.013 0.754 51 0.098 0.586
4 2 224 318 1711 383 6866 0.616 9901 0.258 1.10E-03 1.015 0.754 49 0.098 0.648
4 2 224 318 1715 380 7678 0.658 9455 0.231 1.10E-03 1.015 0.754 44 0.098 0.700
4 2 224 318 1716 394 5010 0.545 10207 0.354 1.10E-03 1.016 0.754 52 0.098 0.490
4 2 224 318 1718 384 6716 0.606 9418 0.264 1.10E-03 1.016 0.754 44 0.098 0.638
4 2 223 318 1711 432 2638 0.207 11059 0.674 1.11E-03 1.019 0.754 61 0.098 0.158
4 2 224 318 1721 435 2533 0.190 11055 0.702 1.10E-03 1.019 0.754 61 0.098 0.143
4 2 224 318 1710 423 2973 0.250 10930 0.599 1.11E-03 1.021 0.754 59 0.098 0.197
4 2 224 318 1711 439 2407 0.157 11068 0.740 1.11E-03 1.021 0.754 61 0.098 0.117
4 2 224 318 1719 431 2676 0.230 10550 0.666 1.11E-03 1.022 0.754 55 0.098 0.152
4 2 224 318 1711 439 2425 0.147 11200 0.735 1.11E-03 1.022 0.754 62 0.098 0.114
4 2 224 318 1716 448 2190 0.079 11093 0.815 1.11E-03 1.023 0.754 61 0.098 0.077
4 2 224 317 1720 446 2239 0.129 10330 0.798 1.11E-03 1.023 0.754 53 0.098 0.087
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
5 1 225 328 1369 367 11430 0.975 36729 0.119 1.06E-03 0.993 0.754 666 0.099 0.892
5 1 226 328 1360 367 11354 0.962 38465 0.120 1.07E-03 0.993 0.754 730 0.099 0.890
5 1 226 328 1370 367 11363 0.967 37439 0.120 1.06E-03 0.993 0.754 691 0.099 0.890
5 1 225 327 1360 367 11332 0.975 36421 0.120 1.07E-03 0.997 0.754 656 0.098 0.878
5 1 225 328 1352 367 11256 0.972 37670 0.121 1.08E-03 0.996 0.754 701 0.098 0.876
5 1 226 328 1346 367 10992 0.912 38897 0.124 1.08E-03 1.000 0.754 746 0.099 0.855
5 1 226 328 1368 367 11142 0.923 37773 0.123 1.07E-03 1.000 0.754 704 0.099 0.856
5 1 226 328 1358 367 11109 0.935 38570 0.123 1.08E-03 1.000 0.754 734 0.099 0.855
5 1 227 328 1364 367 11036 0.885 38649 0.125 1.08E-03 1.004 0.754 736 0.099 0.838
5 1 227 328 1375 368 10995 0.909 37586 0.125 1.07E-03 1.003 0.754 696 0.099 0.838
5 1 226 328 1370 368 10812 0.887 37458 0.127 1.07E-03 1.008 0.754 692 0.099 0.815
5 1 227 328 1354 368 10578 0.839 38893 0.131 1.09E-03 1.008 0.754 746 0.099 0.807
5 1 227 328 1398 368 10703 0.886 36549 0.130 1.06E-03 1.011 0.754 658 0.099 0.794
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
5 1 227 328 1374 369 10143 0.825 38239 0.137 1.08E-03 1.011 0.754 720 0.099 0.777
5 1 227 328 1380 368 10536 0.841 37787 0.132 1.07E-03 1.011 0.754 703 0.099 0.789
5 1 227 328 1374 369 10228 0.825 38188 0.136 1.08E-03 1.011 0.754 718 0.099 0.779
5 1 227 328 1372 372 8469 0.705 38444 0.164 1.08E-03 1.015 0.754 728 0.099 0.687
5 1 227 328 1391 369 10200 0.840 36810 0.137 1.07E-03 1.015 0.754 667 0.099 0.756
5 1 227 328 1363 375 7482 0.638 39312 0.187 1.09E-03 1.019 0.754 761 0.099 0.607
5 1 228 328 1350 383 5484 0.481 40504 0.255 1.11E-03 1.019 0.754 807 0.099 0.459
5 1 228 328 1379 384 5312 0.480 39129 0.264 1.08E-03 1.022 0.754 753 0.100 0.415
5 1 228 328 1376 388 4723 0.363 39486 0.297 1.09E-03 1.022 0.754 767 0.100 0.354
5 1 228 328 1365 404 3221 0.217 40288 0.436 1.10E-03 1.027 0.754 798 0.100 0.152
5 1 228 328 1378 398 3704 0.262 39217 0.381 1.09E-03 1.026 0.754 756 0.100 0.212
5 1 228 328 1385 388 4723 0.360 38762 0.299 1.09E-03 1.026 0.754 739 0.100 0.324
5 1 228 328 1399 381 5928 0.527 37418 0.238 1.08E-03 1.027 0.754 689 0.100 0.436
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
5 1 228 328 1343 425 2297 0.045 41724 0.616 1.12E-03 1.030 0.754 856 0.100 0.047
5 1 228 328 1359 422 2388 0.071 41168 0.592 1.11E-03 1.030 0.754 833 0.100 0.053
5 1 228 328 1368 404 3242 0.201 39976 0.437 1.10E-03 1.028 0.754 786 0.100 0.149
5 1 228 328 1367 405 3194 0.192 40087 0.442 1.10E-03 1.028 0.754 790 0.100 0.143
5 1 228 328 1366 411 2844 0.134 40189 0.497 1.10E-03 1.029 0.754 794 0.100 0.097
5 1 228 328 1363 416 2635 0.088 40518 0.537 1.11E-03 1.030 0.754 807 0.100 0.076
5 1 228 328 1346 431 2121 0.017 42106 0.667 1.12E-03 1.032 0.754 871 0.100 0.029
5 1 229 328 1373 416 2629 0.097 40034 0.540 1.10E-03 1.032 0.754 787 0.100 0.067
5 1 229 328 1369 418 2554 0.081 40528 0.556 1.10E-03 1.031 0.754 807 0.100 0.061
5 1 229 328 1355 426 2266 0.025 41322 0.627 1.12E-03 1.034 0.754 839 0.100 0.033
5 1 229 328 1382 420 2497 0.074 39927 0.570 1.10E-03 1.034 0.754 782 0.100 0.049
5 1 229 328 1349 433 2077 0.010 42190 0.685 1.12E-03 1.034 0.754 874 0.100 0.022
5 1 229 328 1378 425 2309 0.044 40286 0.616 1.10E-03 1.035 0.754 797 0.100 0.033
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
5 1 229 328 1367 425 2319 0.042 40669 0.614 1.11E-03 1.035 0.754 812 0.100 0.033
6 1 228 327 1683 365 14872 0.993 24653 0.101 9.52E-04 0.991 0.754 299 0.100 0.936
6 1 228 327 1696 365 15087 0.933 24973 0.100 9.44E-04 1.000 0.754 307 0.100 0.911
6 1 229 328 1685 375 8137 0.578 27227 0.187 9.59E-04 1.000 0.754 364 0.100 0.726
6 1 229 327 1759 365 15317 0.980 21165 0.099 9.19E-04 1.000 0.754 220 0.100 0.918
6 1 229 327 1710 368 11801 0.765 24154 0.129 9.50E-04 1.003 0.754 286 0.100 0.837
6 1 229 327 1712 367 12743 0.796 23885 0.120 9.48E-04 1.003 0.754 280 0.100 0.858
6 1 230 327 1716 373 9029 0.637 24126 0.169 9.46E-04 1.007 0.754 285 0.101 0.730
6 1 230 327 1722 369 11477 0.726 23576 0.133 9.46E-04 1.007 0.754 272 0.100 0.813
6 1 230 327 1693 404 3534 0.200 25608 0.434 9.66E-04 1.010 0.754 321 0.100 0.270
6 1 230 327 1714 400 3845 0.247 24805 0.400 9.54E-04 1.010 0.754 301 0.101 0.311
6 1 230 327 1720 386 5469 0.362 24176 0.281 9.50E-04 1.010 0.754 286 0.101 0.490
6 1 231 327 1709 410 3178 0.161 25269 0.485 9.61E-04 1.013 0.754 313 0.101 0.202
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
6 1 231 327 1701 422 2614 0.087 25960 0.590 9.65E-04 1.013 0.754 330 0.101 0.124
6 1 231 327 1692 437 2159 0.019 26764 0.714 9.70E-04 1.013 0.754 351 0.101 0.068
7 2 220 328 1404 371 8243 0.967 37936 0.166 1.04E-03 0.982 0.754 718 0.096 0.845
7 2 220 328 1387 372 8240 0.905 40152 0.168 1.07E-03 0.991 0.754 803 0.096 0.802
7 2 220 328 1380 372 8253 0.888 40786 0.168 1.07E-03 0.991 0.754 829 0.096 0.803
7 2 221 328 1386 373 7887 0.784 41589 0.177 1.08E-03 1.000 0.754 861 0.097 0.736
7 2 221 328 1403 372 8169 0.837 40078 0.171 1.06E-03 1.000 0.754 800 0.097 0.748
7 2 221 328 1381 373 7712 0.776 41343 0.182 1.08E-03 1.003 0.754 851 0.097 0.709
7 2 221 328 1365 374 7367 0.717 42971 0.190 1.10E-03 1.003 0.754 919 0.097 0.690
7 2 221 328 1376 381 5642 0.572 43463 0.250 1.09E-03 1.007 0.754 939 0.097 0.541
7 2 221 328 1384 378 6422 0.654 42773 0.219 1.09E-03 1.008 0.754 910 0.097 0.600
7 2 221 328 1391 377 6547 0.652 42153 0.216 1.08E-03 1.010 0.754 884 0.097 0.596
7 2 221 328 1386 379 6175 0.631 42543 0.228 1.09E-03 1.009 0.754 900 0.097 0.574
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
7 2 221 328 1373 386 4898 0.483 43786 0.289 1.10E-03 1.011 0.754 954 0.097 0.448
7 2 221 328 1370 389 4543 0.482 44084 0.311 1.10E-03 1.011 0.754 967 0.097 0.410
7 2 222 328 1358 400 3472 0.279 45178 0.408 1.11E-03 1.013 0.754 1015 0.097 0.262
7 2 222 328 1354 408 2976 0.208 45395 0.476 1.12E-03 1.013 0.754 1025 0.097 0.192
7 2 222 328 1399 391 4284 0.373 42847 0.331 1.08E-03 1.015 0.754 912 0.097 0.347
7 2 222 328 1422 380 5946 0.605 40510 0.239 1.07E-03 1.014 0.754 816 0.097 0.512
7 2 221 328 1348 404 3236 0.236 45213 0.438 1.12E-03 1.015 0.754 1017 0.097 0.219
7 2 222 328 1382 415 2677 0.156 45120 0.531 1.10E-03 1.016 0.754 1011 0.097 0.127
7 2 222 328 1361 422 2381 0.104 45581 0.598 1.12E-03 1.016 0.754 1032 0.097 0.094
7 2 222 328 1358 422 2390 0.094 45866 0.595 1.12E-03 1.016 0.754 1045 0.097 0.094
7 2 222 328 1385 410 2915 0.193 44320 0.489 1.10E-03 1.017 0.754 975 0.097 0.153
7 2 222 328 1407 395 3928 0.328 42143 0.363 1.08E-03 1.018 0.754 882 0.097 0.277
7 2 222 328 1388 404 3246 0.247 42860 0.440 1.10E-03 1.020 0.754 913 0.097 0.183
185
Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
7 2 222 328 1356 422 2414 0.089 45479 0.591 1.12E-03 1.020 0.754 1028 0.097 0.082
7 2 222 328 1363 427 2258 0.064 45555 0.632 1.12E-03 1.020 0.754 1031 0.097 0.066
7 2 222 328 1388 404 3267 0.237 43269 0.438 1.10E-03 1.022 0.754 930 0.097 0.172
7 2 222 328 1366 431 2148 0.042 45355 0.667 1.12E-03 1.023 0.754 1022 0.097 0.045
7 2 222 328 1379 434 2048 0.018 44940 0.699 1.11E-03 1.023 0.754 1003 0.097 0.036
7 2 222 328 1387 438 1972 0.021 44866 0.728 1.10E-03 1.025 0.754 999 0.097 0.027
7 2 222 328 1388 436 2006 0.020 44723 0.716 1.10E-03 1.025 0.754 993 0.097 0.029
7 2 222 328 1389 440 1920 0.008 44459 0.749 1.11E-03 1.027 0.754 981 0.097 0.020
7 2 223 328 1389 435 2054 0.026 44514 0.701 1.11E-03 1.027 0.754 984 0.097 0.028
8 1 239 327 1031 366 13430 0.997 43633 0.096 1.33E-03 0.971 0.755 919 0.105 1.004
8 1 240 328 1037 366 13201 0.993 43918 0.098 1.32E-03 0.971 0.755 930 0.105 1.002
8 1 242 328 1053 367 12459 0.880 46235 0.107 1.34E-03 1.000 0.755 1028 0.106 0.917
8 1 241 327 1043 367 12584 0.884 46329 0.106 1.36E-03 1.000 0.755 1033 0.105 0.919
186
Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
8 1 242 328 1048 373 8919 0.673 47199 0.151 1.37E-03 1.010 0.755 1071 0.106 0.788
8 1 242 327 1051 373 8680 0.680 47045 0.156 1.37E-03 1.013 0.755 1064 0.106 0.761
8 1 242 328 1016 397 3759 0.250 50782 0.361 1.42E-03 1.015 0.755 1239 0.106 0.374
8 1 242 327 1016 397 3716 0.269 50089 0.365 1.42E-03 1.015 0.755 1206 0.106 0.374
8 1 242 327 1023 405 3134 0.184 49665 0.434 1.41E-03 1.019 0.755 1186 0.106 0.257
8 1 242 328 1041 401 3450 0.237 49170 0.395 1.39E-03 1.019 0.755 1162 0.106 0.298
8 1 243 328 1073 389 4590 0.359 47063 0.297 1.35E-03 1.022 0.755 1063 0.106 0.416
8 1 242 327 1032 408 2965 0.145 49590 0.460 1.40E-03 1.021 0.755 1181 0.106 0.217
8 1 242 328 1029 410 2870 0.148 49933 0.476 1.41E-03 1.022 0.755 1198 0.106 0.199
8 1 243 328 1057 405 3183 0.198 48639 0.429 1.37E-03 1.023 0.755 1135 0.106 0.229
8 1 243 328 1041 413 2709 0.127 49498 0.505 1.39E-03 1.024 0.755 1176 0.106 0.161
8 1 243 328 1043 415 2631 0.114 49332 0.520 1.39E-03 1.023 0.755 1169 0.106 0.152
8 1 243 328 1027 434 2013 0.024 51177 0.680 1.41E-03 1.024 0.755 1257 0.106 0.067
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
8 1 243 328 1028 436 1968 0.013 51069 0.696 1.41E-03 1.024 0.755 1252 0.106 0.062
8 1 243 328 1035 427 2195 0.058 50360 0.624 1.40E-03 1.025 0.755 1217 0.106 0.086
8 1 243 328 1042 421 2397 0.089 49664 0.572 1.40E-03 1.025 0.755 1184 0.106 0.110
8 1 242 327 1057 406 3134 0.204 47843 0.437 1.37E-03 1.027 0.755 1099 0.106 0.199
8 1 242 327 1041 419 2491 0.106 49026 0.551 1.40E-03 1.027 0.755 1155 0.106 0.116
8 1 242 327 1027 431 2103 0.020 50492 0.653 1.42E-03 1.027 0.755 1225 0.106 0.069
8 1 242 327 1023 436 1964 0.019 50866 0.699 1.42E-03 1.027 0.755 1243 0.106 0.053
8 1 243 328 1053 430 2133 0.045 49407 0.644 1.38E-03 1.029 0.755 1172 0.106 0.062
8 1 242 327 1035 437 1941 0.021 50281 0.708 1.41E-03 1.028 0.755 1214 0.106 0.046
8 1 242 327 1020 444 1785 0.002 51675 0.771 1.43E-03 1.033 0.755 1282 0.106 0.024
9 1 239 327 1195 364 17048 0.999 36697 0.080 1.21E-03 0.972 0.755 650 0.104 1.020
9 1 239 327 1198 364 16126 0.997 36551 0.083 1.19E-03 0.982 0.755 645 0.104 0.998
9 1 239 327 1189 364 16251 0.996 37300 0.083 1.20E-03 0.981 0.755 672 0.104 0.999
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
9 1 239 327 1199 364 16172 0.992 37324 0.083 1.19E-03 0.982 0.755 673 0.105 0.997
9 1 240 328 1196 364 16408 0.959 39329 0.083 1.20E-03 0.987 0.755 745 0.105 0.987
9 1 240 328 1218 364 16525 0.982 37178 0.082 1.18E-03 0.987 0.755 666 0.105 0.989
9 1 240 327 1183 365 16050 0.923 39259 0.084 1.21E-03 0.991 0.755 743 0.105 0.978
9 1 240 328 1195 365 16127 0.938 38913 0.084 1.21E-03 0.991 0.755 730 0.105 0.976
9 1 240 328 1229 365 16027 0.926 37064 0.085 1.18E-03 0.996 0.755 662 0.105 0.963
9 1 240 327 1204 365 14871 0.868 38098 0.092 1.21E-03 1.000 0.755 700 0.105 0.940
9 1 240 327 1194 366 14845 0.862 39047 0.093 1.22E-03 1.000 0.755 735 0.105 0.939
9 1 241 327 1206 368 12558 0.738 39369 0.110 1.21E-03 1.004 0.755 746 0.105 0.889
9 1 241 327 1220 367 13552 0.780 37777 0.102 1.20E-03 1.004 0.755 687 0.105 0.907
9 1 241 327 1210 371 9938 0.649 38865 0.139 1.21E-03 1.010 0.755 727 0.105 0.804
9 1 241 327 1199 377 7357 0.585 39935 0.188 1.22E-03 1.010 0.755 768 0.105 0.698
9 1 241 328 1206 384 5490 0.520 40252 0.253 1.22E-03 1.012 0.755 780 0.105 0.551
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
9 1 241 327 1206 386 5196 0.510 40230 0.267 1.22E-03 1.012 0.755 779 0.105 0.526
9 1 241 327 1185 393 4213 0.297 41573 0.331 1.25E-03 1.013 0.755 832 0.105 0.417
9 1 241 328 1200 391 4420 0.327 40948 0.315 1.23E-03 1.013 0.755 807 0.105 0.439
9 1 241 327 1225 389 4739 0.361 38981 0.294 1.21E-03 1.015 0.755 731 0.105 0.454
9 1 241 327 1238 383 5679 0.537 37776 0.246 1.20E-03 1.015 0.755 687 0.105 0.546
9 1 241 327 1187 399 3659 0.248 41389 0.382 1.25E-03 1.015 0.755 825 0.105 0.331
9 1 241 327 1166 412 2849 0.133 43388 0.490 1.27E-03 1.015 0.755 906 0.105 0.212
9 1 241 328 1207 405 3207 0.187 41112 0.436 1.23E-03 1.017 0.755 813 0.106 0.245
9 1 241 327 1219 396 3929 0.307 39634 0.356 1.22E-03 1.017 0.755 756 0.105 0.344
9 1 241 327 1234 386 5272 0.403 38117 0.266 1.20E-03 1.017 0.755 699 0.105 0.492
9 1 241 327 1215 397 3864 0.251 39995 0.363 1.22E-03 1.018 0.755 770 0.105 0.326
9 1 241 328 1205 406 3180 0.166 41114 0.441 1.23E-03 1.019 0.755 813 0.106 0.227
9 1 241 327 1208 408 3056 0.178 40757 0.459 1.23E-03 1.019 0.755 799 0.105 0.212
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
9 1 241 327 1185 418 2573 0.079 42159 0.546 1.26E-03 1.021 0.755 855 0.105 0.133
9 1 241 328 1169 431 2150 0.028 44027 0.654 1.28E-03 1.021 0.755 932 0.106 0.079
9 1 242 328 1211 422 2439 0.076 41371 0.577 1.23E-03 1.021 0.755 823 0.106 0.112
9 1 241 327 1215 404 3321 0.209 39220 0.424 1.23E-03 1.023 0.755 741 0.105 0.226
9 1 241 327 1198 420 2485 0.068 40991 0.567 1.25E-03 1.022 0.755 809 0.105 0.117
9 1 241 327 1192 421 2466 0.094 41473 0.571 1.25E-03 1.022 0.755 828 0.105 0.114
9 1 241 327 1192 421 2456 0.095 41294 0.573 1.25E-03 1.022 0.755 821 0.105 0.114
9 1 241 327 1191 424 2369 0.060 41596 0.594 1.25E-03 1.023 0.755 833 0.105 0.100
9 1 241 327 1185 427 2254 0.049 42222 0.625 1.26E-03 1.022 0.755 858 0.105 0.086
9 1 241 327 1202 430 2182 0.052 41307 0.645 1.24E-03 1.024 0.755 821 0.106 0.070
9 1 241 327 1203 427 2281 0.057 41096 0.619 1.24E-03 1.024 0.755 812 0.106 0.081
9 1 241 327 1169 438 1965 0.009 43697 0.720 1.28E-03 1.026 0.755 919 0.105 0.043
9 1 242 327 1181 440 1922 0.007 43440 0.736 1.27E-03 1.026 0.755 907 0.106 0.039
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
9 1 242 327 1201 439 1958 0.014 42062 0.722 1.25E-03 1.028 0.755 850 0.106 0.035
9 1 242 327 1209 436 2023 0.023 41092 0.699 1.24E-03 1.028 0.755 812 0.106 0.041
9 1 241 327 1168 443 1871 0.006 43680 0.758 1.29E-03 1.028 0.755 918 0.106 0.031
10 1 242 328 1386 366 15031 0.993 28778 0.094 1.08E-03 0.991 0.755 398 0.106 0.960
10 1 242 328 1372 366 15259 0.985 30299 0.093 1.09E-03 0.994 0.755 441 0.106 0.953
10 1 242 328 1401 366 15125 0.991 28359 0.094 1.08E-03 0.998 0.755 386 0.106 0.940
10 1 242 327 1384 366 15321 0.978 29338 0.093 1.09E-03 0.998 0.755 414 0.106 0.943
10 1 242 328 1360 366 15038 0.948 31486 0.095 1.11E-03 0.998 0.755 476 0.106 0.940
10 1 243 328 1398 366 15073 0.981 28582 0.094 1.07E-03 0.991 0.755 392 0.106 0.960
10 1 243 328 1349 368 13014 0.796 32350 0.110 1.12E-03 1.000 0.755 502 0.106 0.903
10 1 243 328 1364 369 12033 0.758 31919 0.119 1.11E-03 1.003 0.755 489 0.106 0.871
10 1 243 328 1347 375 8370 0.601 33528 0.171 1.13E-03 1.003 0.755 539 0.106 0.764
10 1 243 328 1393 369 12165 0.775 30378 0.118 1.09E-03 1.005 0.755 443 0.106 0.865
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
10 1 243 328 1397 367 13642 0.836 29926 0.105 1.09E-03 1.005 0.755 430 0.106 0.894
10 1 243 328 1354 387 5303 0.492 33431 0.271 1.13E-03 1.007 0.755 536 0.106 0.548
10 1 243 328 1384 376 8092 0.604 31338 0.178 1.10E-03 1.007 0.755 471 0.106 0.728
10 1 243 328 1381 381 6507 0.544 31583 0.221 1.10E-03 1.008 0.755 478 0.106 0.631
10 1 244 328 1377 382 6152 0.509 31881 0.234 1.11E-03 1.008 0.755 487 0.106 0.607
10 1 244 328 1368 397 3946 0.277 32843 0.365 1.12E-03 1.010 0.755 517 0.107 0.375
10 1 244 328 1362 399 3789 0.246 33473 0.380 1.12E-03 1.010 0.755 537 0.107 0.353
10 1 244 328 1376 395 4178 0.274 32643 0.346 1.11E-03 1.010 0.755 510 0.107 0.404
10 1 244 328 1367 408 3190 0.179 33492 0.453 1.12E-03 1.013 0.755 537 0.107 0.251
10 1 244 328 1367 412 2934 0.146 33658 0.493 1.12E-03 1.012 0.755 543 0.107 0.216
10 1 244 328 1373 398 3931 0.270 32249 0.368 1.12E-03 1.012 0.755 498 0.107 0.358
10 1 244 328 1333 432 2168 0.024 36022 0.668 1.15E-03 1.014 0.755 621 0.107 0.094
10 1 244 328 1385 414 2855 0.153 32395 0.508 1.11E-03 1.014 0.755 502 0.107 0.191
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
10 1 244 328 1352 429 2278 0.046 34255 0.637 1.14E-03 1.014 0.755 562 0.107 0.109
10 1 244 328 1386 405 3335 0.214 31805 0.435 1.11E-03 1.014 0.755 485 0.107 0.262
10 1 244 328 1361 415 2816 0.117 33502 0.515 1.13E-03 1.014 0.755 538 0.107 0.186
10 1 244 328 1358 425 2419 0.064 33714 0.600 1.13E-03 1.015 0.755 545 0.107 0.127
10 1 244 328 1350 433 2155 0.029 34305 0.673 1.14E-03 1.015 0.755 564 0.107 0.089
10 1 244 328 1363 425 2391 0.071 33053 0.607 1.13E-03 1.015 0.755 523 0.107 0.120
10 1 244 328 1369 424 2425 0.093 32890 0.599 1.12E-03 1.016 0.755 518 0.107 0.123
10 1 244 328 1373 425 2413 0.080 32888 0.602 1.12E-03 1.016 0.755 518 0.107 0.120
10 1 244 328 1382 426 2363 0.076 31830 0.615 1.11E-03 1.018 0.755 485 0.107 0.105
10 1 244 328 1352 434 2144 0.031 33897 0.679 1.14E-03 1.017 0.755 550 0.107 0.080
10 1 244 328 1334 440 1987 0.009 35811 0.733 1.16E-03 1.017 0.755 614 0.107 0.060
10 1 244 328 1394 428 2318 0.097 31223 0.628 1.11E-03 1.017 0.755 467 0.107 0.102
11 2 284 328 1208 377 9420 0.954 19382 0.150 1.22E-03 0.986 0.757 170 0.124 0.924
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
11 2 284 328 1200 378 9420 0.904 21998 0.151 1.24E-03 0.995 0.757 220 0.124 0.888
11 2 284 328 1202 378 9397 0.914 21649 0.152 1.24E-03 0.995 0.757 213 0.124 0.887
11 2 284 328 1207 378 9089 0.874 21800 0.158 1.24E-03 1.000 0.757 216 0.124 0.857
11 2 284 328 1207 378 9066 0.866 21926 0.158 1.24E-03 1.000 0.757 218 0.124 0.856
11 2 284 328 1204 381 8004 0.776 22710 0.180 1.26E-03 1.005 0.757 234 0.124 0.793
11 2 284 328 1202 379 8736 0.835 23051 0.165 1.26E-03 1.005 0.757 241 0.124 0.819
11 2 285 328 1215 381 8035 0.767 21972 0.181 1.25E-03 1.009 0.757 219 0.124 0.775
11 2 285 327 1217 380 8335 0.807 21251 0.174 1.25E-03 1.009 0.757 205 0.124 0.789
11 2 284 328 1194 390 5595 0.594 24225 0.260 1.27E-03 1.011 0.757 266 0.124 0.619
11 2 284 328 1192 399 4202 0.395 25230 0.346 1.28E-03 1.011 0.757 289 0.124 0.479
11 2 284 328 1203 392 5178 0.559 23528 0.281 1.27E-03 1.013 0.757 251 0.124 0.571
11 2 284 328 1206 391 5278 0.581 23312 0.276 1.26E-03 1.013 0.757 246 0.124 0.581
11 2 284 328 1205 396 4632 0.530 23390 0.315 1.27E-03 1.014 0.757 248 0.124 0.506
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
11 2 284 327 1208 387 6069 0.626 22713 0.240 1.26E-03 1.014 0.757 234 0.124 0.634
11 2 284 328 1206 396 4588 0.533 23459 0.318 1.27E-03 1.016 0.757 250 0.124 0.490
11 2 284 327 1203 398 4311 0.403 23386 0.339 1.27E-03 1.016 0.757 248 0.124 0.461
11 2 284 328 1202 413 3133 0.313 24227 0.467 1.27E-03 1.018 0.757 266 0.124 0.282
11 2 284 328 1202 422 2672 0.252 24459 0.548 1.27E-03 1.018 0.757 271 0.124 0.209
11 2 284 328 1199 430 2365 0.176 24944 0.620 1.28E-03 1.020 0.757 282 0.124 0.147
11 2 284 328 1200 428 2425 0.179 24793 0.605 1.28E-03 1.020 0.757 279 0.124 0.155
11 2 284 328 1198 444 1961 0.048 25301 0.748 1.28E-03 1.022 0.757 290 0.124 0.078
11 2 284 328 1197 446 1925 0.031 25320 0.763 1.28E-03 1.022 0.757 291 0.124 0.074
11 2 284 328 1197 453 1768 0.011 25547 0.832 1.29E-03 1.023 0.757 296 0.124 0.050
11 2 284 328 1199 450 1845 0.022 25478 0.798 1.29E-03 1.023 0.757 294 0.124 0.059
11 2 284 328 1199 458 1691 0.002 25517 0.871 1.29E-03 1.025 0.757 295 0.124 0.037
12 2 284 327 1373 377 9904 0.962 11437 0.151 1.14E-03 0.997 0.757 59 0.124 0.904
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
12 2 284 327 1367 377 10006 0.937 12596 0.150 1.15E-03 0.997 0.757 72 0.124 0.900
12 2 284 327 1365 378 9811 0.921 13316 0.153 1.15E-03 1.000 0.757 80 0.124 0.882
12 2 284 328 1363 378 9847 0.912 14001 0.153 1.15E-03 1.000 0.757 89 0.124 0.879
12 2 284 328 1360 380 8587 0.774 15298 0.176 1.16E-03 1.006 0.757 106 0.124 0.814
12 2 284 328 1364 380 8591 0.787 14626 0.176 1.16E-03 1.006 0.757 97 0.124 0.816
12 2 284 328 1370 380 8741 0.812 14290 0.174 1.16E-03 1.010 0.757 93 0.124 0.804
12 2 284 328 1369 381 8168 0.752 14689 0.186 1.16E-03 1.009 0.757 98 0.124 0.782
12 2 284 328 1366 395 4941 0.543 15984 0.308 1.17E-03 1.014 0.757 116 0.124 0.534
12 2 284 328 1367 397 4670 0.529 15779 0.327 1.17E-03 1.014 0.757 113 0.124 0.508
12 2 284 328 1366 415 3137 0.332 16554 0.487 1.17E-03 1.016 0.757 124 0.124 0.294
12 2 284 328 1366 404 3932 0.390 15895 0.389 1.17E-03 1.016 0.757 115 0.124 0.407
12 2 284 328 1367 409 3546 0.347 16187 0.432 1.17E-03 1.018 0.757 119 0.124 0.344
12 2 284 328 1366 415 3159 0.328 16203 0.485 1.17E-03 1.018 0.757 119 0.124 0.283
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
12 2 284 328 1363 444 2058 0.092 16855 0.746 1.18E-03 1.020 0.757 129 0.124 0.097
12 2 284 328 1371 420 2912 0.308 16141 0.528 1.17E-03 1.020 0.757 118 0.124 0.232
12 2 284 328 1376 404 3970 0.386 15427 0.387 1.17E-03 1.020 0.757 108 0.124 0.388
12 2 284 328 1368 425 2674 0.258 16328 0.576 1.18E-03 1.021 0.757 121 0.124 0.185
12 2 284 328 1368 440 2155 0.111 16851 0.714 1.18E-03 1.021 0.757 129 0.124 0.104
12 2 284 328 1375 444 2074 0.078 16528 0.743 1.17E-03 1.023 0.757 124 0.124 0.087
12 2 284 328 1375 441 2143 0.098 16394 0.719 1.17E-03 1.023 0.757 122 0.124 0.096
12 2 284 328 1374 447 1997 0.054 16556 0.772 1.17E-03 1.023 0.757 124 0.124 0.077
12 2 284 328 1376 460 1736 0.005 16804 0.890 1.18E-03 1.025 0.757 128 0.124 0.040
12 2 284 328 1374 456 1810 0.017 16776 0.853 1.18E-03 1.025 0.757 128 0.124 0.048
12 2 284 328 1373 455 1827 0.014 16759 0.846 1.18E-03 1.025 0.757 127 0.124 0.051
12 2 284 328 1375 449 1959 0.048 16436 0.789 1.18E-03 1.025 0.757 123 0.124 0.066
13 2 284 328 1544 378 10346 0.981 5258 0.153 1.07E-03 0.989 0.757 13 0.124 0.954
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
13 2 284 328 1542 378 10355 0.943 6453 0.155 1.09E-03 1.000 0.757 19 0.124 0.912
13 2 284 328 1541 378 10406 0.955 6774 0.154 1.09E-03 1.000 0.757 21 0.124 0.911
13 2 284 328 1538 378 10407 0.946 7324 0.154 1.09E-03 1.000 0.757 24 0.124 0.907
13 2 284 328 1534 381 8767 0.769 9002 0.184 1.10E-03 1.008 0.757 37 0.124 0.815
13 2 284 328 1534 381 8852 0.765 9028 0.182 1.10E-03 1.008 0.757 37 0.124 0.820
13 2 284 328 1542 383 7981 0.718 8601 0.203 1.10E-03 1.011 0.757 34 0.124 0.773
13 2 285 328 1540 384 7781 0.710 8912 0.208 1.10E-03 1.012 0.757 36 0.124 0.761
13 2 285 328 1543 385 7317 0.674 8705 0.222 1.10E-03 1.013 0.757 34 0.124 0.734
13 2 285 328 1546 381 8982 0.774 8137 0.181 1.10E-03 1.014 0.757 30 0.124 0.801
13 2 285 328 1542 383 8039 0.722 8725 0.202 1.10E-03 1.017 0.757 35 0.124 0.747
13 2 285 328 1539 387 6901 0.640 9154 0.236 1.11E-03 1.017 0.757 38 0.124 0.684
13 2 285 328 1536 412 3561 0.392 10336 0.457 1.11E-03 1.018 0.757 48 0.124 0.350
13 2 285 328 1537 424 2886 0.318 10431 0.565 1.11E-03 1.019 0.757 49 0.124 0.242
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
13 2 285 328 1538 428 2710 0.296 10467 0.602 1.11E-03 1.019 0.757 50 0.124 0.211
13 2 285 328 1548 397 5060 0.536 9219 0.323 1.10E-03 1.019 0.757 39 0.124 0.524
13 2 285 328 1547 390 6314 0.616 8965 0.259 1.11E-03 1.019 0.757 36 0.124 0.629
13 2 285 328 1546 396 5155 0.538 9268 0.317 1.11E-03 1.020 0.757 39 0.124 0.530
13 2 285 328 1549 398 4953 0.537 9136 0.331 1.11E-03 1.021 0.757 38 0.124 0.500
13 2 285 328 1545 400 4628 0.521 9538 0.354 1.11E-03 1.021 0.757 41 0.124 0.461
13 2 285 328 1543 427 2760 0.286 10398 0.594 1.11E-03 1.022 0.757 49 0.124 0.195
13 2 285 328 1543 436 2416 0.239 10557 0.679 1.11E-03 1.023 0.757 51 0.124 0.140
13 2 285 328 1546 449 2076 0.103 10335 0.791 1.11E-03 1.025 0.757 48 0.124 0.084
13 2 285 328 1543 440 2307 0.151 10295 0.712 1.11E-03 1.025 0.757 48 0.124 0.117
13 2 285 328 1546 433 2519 0.236 9949 0.652 1.11E-03 1.025 0.757 45 0.125 0.150
13 2 285 328 1544 445 2170 0.154 10144 0.757 1.11E-03 1.025 0.757 47 0.124 0.097
13 2 285 328 1545 418 3214 0.366 9751 0.512 1.12E-03 1.027 0.757 43 0.124 0.242
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
13 2 285 328 1544 439 2353 0.203 10367 0.699 1.12E-03 1.027 0.757 49 0.125 0.113
13 2 285 328 1540 465 1756 0.005 11085 0.937 1.12E-03 1.027 0.757 56 0.125 0.039
14 2 283 328 1715 379 10429 0.957 1032 0.162 1.03E-03 0.995 0.757 0 0.124 0.989
14 2 283 328 1708 378 10626 0.941 2729 0.160 1.04E-03 1.000 0.757 3 0.124 0.942
14 2 283 328 1712 378 10612 0.950 1649 0.160 1.04E-03 1.000 0.757 1 0.124 0.964
14 2 283 328 1711 378 10613 0.949 1993 0.160 1.04E-03 1.000 0.757 2 0.124 0.956
14 2 284 328 1714 383 8707 0.743 3648 0.198 1.06E-03 1.016 0.757 6 0.124 0.820
14 2 284 328 1713 381 9663 0.812 3235 0.179 1.06E-03 1.016 0.757 5 0.124 0.855
14 2 284 328 1713 382 9165 0.776 3480 0.189 1.06E-03 1.017 0.757 5 0.124 0.833
14 2 284 328 1713 381 9391 0.783 3394 0.184 1.06E-03 1.017 0.757 5 0.124 0.841
14 2 284 328 1708 397 5266 0.532 4977 0.329 1.06E-03 1.018 0.757 11 0.124 0.588
14 2 284 328 1718 384 8201 0.709 3785 0.211 1.06E-03 1.019 0.757 7 0.124 0.780
14 2 284 328 1720 382 9040 0.755 3223 0.192 1.06E-03 1.020 0.757 5 0.124 0.822
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
14 2 284 328 1719 382 8938 0.758 3188 0.194 1.06E-03 1.021 0.757 5 0.124 0.815
14 2 284 328 1718 386 7574 0.681 3606 0.229 1.06E-03 1.020 0.757 6 0.124 0.753
14 2 284 328 1716 392 6137 0.567 4396 0.284 1.06E-03 1.022 0.757 9 0.124 0.637
14 2 284 328 1718 393 5957 0.568 4333 0.292 1.06E-03 1.023 0.757 9 0.124 0.622
14 2 284 328 1717 392 6264 0.566 4079 0.278 1.06E-03 1.024 0.757 8 0.124 0.645
14 2 284 328 1717 406 4299 0.424 4920 0.406 1.06E-03 1.024 0.757 11 0.124 0.443
14 2 284 328 1714 409 4004 0.410 5317 0.436 1.07E-03 1.026 0.757 13 0.124 0.385
14 2 284 328 1716 411 3858 0.404 4890 0.453 1.07E-03 1.026 0.757 11 0.124 0.371
14 2 284 328 1715 404 4445 0.436 4700 0.393 1.07E-03 1.027 0.757 10 0.124 0.446
14 2 284 328 1716 404 4473 0.432 4761 0.392 1.07E-03 1.028 0.757 10 0.124 0.433
14 2 284 328 1716 411 3838 0.415 4854 0.456 1.07E-03 1.028 0.757 11 0.124 0.355
14 2 284 328 1716 410 3973 0.412 5009 0.441 1.07E-03 1.028 0.757 11 0.124 0.369
14 2 284 328 1713 418 3395 0.383 5475 0.516 1.07E-03 1.029 0.757 14 0.124 0.272
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
14 2 284 328 1716 445 2333 0.191 5322 0.754 1.07E-03 1.032 0.757 13 0.124 0.107
14 2 284 328 1716 433 2715 0.282 4975 0.647 1.07E-03 1.031 0.757 11 0.124 0.174
14 2 284 328 1715 422 3198 0.377 4954 0.549 1.07E-03 1.031 0.757 11 0.124 0.242
14 2 284 328 1706 446 2283 0.218 5913 0.769 1.08E-03 1.031 0.757 16 0.124 0.098
14 2 284 328 1707 454 2093 0.121 5953 0.840 1.08E-03 1.031 0.757 16 0.124 0.074
14 2 284 328 1712 466 1864 0.007 5990 0.945 1.08E-03 1.034 0.757 16 0.124 0.040
14 2 284 328 1714 463 1916 0.018 5762 0.919 1.08E-03 1.034 0.757 15 0.124 0.046
14 2 284 328 1713 466 1867 0.013 5907 0.944 1.08E-03 1.035 0.757 16 0.124 0.039
15 1 284 339 1357 370 15357 0.990 34463 0.084 9.97E-04 0.987 0.757 539 0.124 0.971
15 1 284 338 1390 370 15403 0.988 31226 0.085 9.81E-04 0.993 0.757 442 0.124 0.958
15 1 284 339 1367 370 15515 0.985 33970 0.084 9.97E-04 0.992 0.757 523 0.124 0.959
15 1 286 339 1365 373 12095 0.764 37252 0.109 1.01E-03 1.000 0.757 628 0.125 0.877
15 1 285 339 1376 371 14036 0.851 35753 0.094 9.99E-04 1.001 0.757 579 0.125 0.911
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
15 1 285 339 1388 370 15368 0.913 33961 0.086 9.91E-04 1.000 0.757 523 0.125 0.933
15 1 285 339 1359 377 9229 0.639 37240 0.143 1.02E-03 1.006 0.757 629 0.124 0.772
15 1 285 339 1350 386 5868 0.386 38884 0.226 1.03E-03 1.006 0.757 685 0.125 0.587
15 1 286 339 1381 405 3355 0.220 37053 0.395 1.00E-03 1.007 0.757 622 0.125 0.308
15 1 286 339 1381 398 3997 0.285 36982 0.333 1.01E-03 1.014 0.757 619 0.125 0.338
15 1 286 339 1381 401 3688 0.262 36831 0.362 1.01E-03 1.014 0.757 614 0.125 0.304
15 1 286 339 1390 413 2831 0.134 36429 0.472 1.01E-03 1.014 0.757 601 0.125 0.182
15 1 286 339 1391 415 2772 0.134 36525 0.485 1.01E-03 1.020 0.757 604 0.125 0.136
15 1 286 339 1379 432 2106 0.020 38006 0.641 1.02E-03 1.025 0.757 654 0.125 0.043
15 1 286 339 1372 435 2030 0.013 38667 0.667 1.03E-03 1.025 0.757 677 0.125 0.036
16 1 284 338 1685 370 16828 0.993 21675 0.082 8.54E-04 0.991 0.757 213 0.124 0.966
16 1 284 338 1688 370 16688 0.994 21228 0.082 8.53E-04 0.991 0.757 204 0.124 0.965
16 1 284 339 1698 371 14761 0.870 23961 0.094 8.57E-04 1.000 0.757 260 0.124 0.908
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
16 1 284 339 1699 372 13821 0.857 23579 0.101 8.56E-04 1.000 0.757 252 0.124 0.896
16 1 285 339 1702 372 13234 0.805 24085 0.106 8.60E-04 1.006 0.757 263 0.124 0.862
16 1 284 339 1699 372 14146 0.841 23521 0.099 8.61E-04 1.006 0.757 251 0.124 0.881
16 1 285 339 1683 403 3743 0.228 25785 0.377 8.78E-04 1.014 0.757 301 0.124 0.275
16 1 285 339 1693 396 4404 0.271 25451 0.321 8.73E-04 1.014 0.757 294 0.125 0.352
16 1 285 339 1705 397 4292 0.274 24727 0.329 8.67E-04 1.014 0.757 277 0.125 0.342
16 1 285 339 1700 411 3135 0.184 25172 0.451 8.70E-04 1.014 0.757 287 0.125 0.196
16 1 285 339 1693 415 2900 0.127 26154 0.490 8.78E-04 1.019 0.757 310 0.125 0.131
16 1 285 339 1709 400 3989 0.233 24447 0.356 8.70E-04 1.020 0.757 271 0.125 0.266
16 1 286 339 1723 423 2570 0.109 24193 0.555 8.67E-04 1.022 0.757 265 0.125 0.082
16 1 286 339 1716 426 2454 0.092 24801 0.583 8.72E-04 1.025 0.757 278 0.125 0.061
16 1 286 339 1727 432 2231 0.046 24006 0.643 8.68E-04 1.027 0.757 261 0.125 0.038
16 1 287 339 1726 434 2192 0.034 24426 0.657 8.72E-04 1.030 0.757 270 0.125 0.027
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
16 1 286 339 1723 437 2113 0.029 24661 0.682 8.74E-04 1.031 0.757 275 0.125 0.022
17 1 289 339 2014 387 6683 0.589 14045 0.230 7.97E-04 1.000 0.758 89 0.126 0.655
17 1 287 338 2066 370 18254 0.991 9329 0.084 7.77E-04 1.000 0.757 39 0.126 0.963
17 1 288 338 2047 371 16366 0.912 11276 0.094 7.85E-04 1.000 0.757 57 0.126 0.936
17 1 287 339 2044 379 9650 0.661 13159 0.160 7.92E-04 1.007 0.757 78 0.126 0.757
17 1 288 339 2028 415 3203 0.208 15953 0.483 7.98E-04 1.007 0.757 115 0.126 0.232
17 1 288 339 2083 373 14509 0.847 10886 0.107 7.77E-04 1.007 0.757 54 0.126 0.887
17 1 287 339 2055 373 14797 0.800 12528 0.105 7.88E-04 1.007 0.757 71 0.126 0.885
17 1 288 339 2042 388 6489 0.533 13675 0.239 7.92E-04 1.007 0.757 84 0.126 0.593
17 1 289 339 2053 428 2578 0.142 14816 0.604 7.92E-04 1.012 0.758 99 0.126 0.121
17 1 289 339 2065 413 3364 0.235 13617 0.464 7.89E-04 1.013 0.758 84 0.126 0.224
17 1 288 339 2080 379 9727 0.636 11846 0.160 7.83E-04 1.013 0.757 63 0.126 0.731
17 1 289 339 2068 405 3983 0.264 13476 0.393 7.92E-04 1.017 0.757 82 0.126 0.274
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
17 1 289 339 2060 422 2846 0.180 14424 0.550 7.94E-04 1.017 0.758 94 0.126 0.131
17 1 289 339 2055 429 2550 0.140 14862 0.614 7.97E-04 1.017 0.758 100 0.126 0.092
17 1 289 339 2048 437 2305 0.088 15507 0.680 7.99E-04 1.017 0.758 108 0.126 0.064
17 1 289 339 2050 443 2128 0.062 15297 0.736 7.98E-04 1.017 0.758 106 0.126 0.049
18 2 284 339 1028 376 9070 0.977 52746 0.141 1.30E-03 0.990 0.757 1263 0.124 0.875
18 2 284 339 1025 377 8966 0.930 54317 0.145 1.32E-03 1.000 0.757 1339 0.124 0.830
18 2 284 339 1022 377 8895 0.919 54690 0.146 1.33E-03 1.000 0.757 1357 0.124 0.828
18 2 284 339 1030 378 8331 0.849 55375 0.157 1.33E-03 1.010 0.757 1391 0.124 0.753
18 2 284 339 1033 379 8125 0.835 54896 0.161 1.33E-03 1.010 0.757 1367 0.124 0.743
18 2 284 338 1025 380 7647 0.781 54867 0.172 1.34E-03 1.010 0.757 1365 0.124 0.724
18 2 284 339 1020 380 7579 0.759 55675 0.173 1.35E-03 1.010 0.757 1406 0.124 0.722
18 2 284 339 1022 382 6753 0.692 55653 0.194 1.34E-03 1.010 0.757 1405 0.124 0.674
18 2 285 339 1043 400 3815 0.307 55857 0.348 1.33E-03 1.022 0.757 1414 0.125 0.309
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
18 2 285 338 1047 392 4714 0.545 55222 0.282 1.33E-03 1.023 0.757 1382 0.125 0.407
18 2 285 338 1025 403 3521 0.280 56510 0.378 1.36E-03 1.024 0.757 1447 0.125 0.260
18 2 285 339 1029 411 2960 0.216 56429 0.450 1.35E-03 1.024 0.757 1443 0.125 0.182
18 2 285 339 1020 423 2393 0.132 57476 0.557 1.37E-03 1.024 0.757 1497 0.125 0.107
18 2 285 339 1020 434 2024 0.058 57659 0.658 1.37E-03 1.024 0.757 1507 0.125 0.063
18 2 285 339 1019 440 1885 0.037 57996 0.707 1.37E-03 1.024 0.757 1524 0.125 0.046
18 2 285 339 1015 443 1799 0.020 58506 0.741 1.37E-03 1.025 0.757 1551 0.125 0.037
19 2 284 339 1205 377 9183 0.979 48279 0.145 1.15E-03 0.991 0.757 1057 0.124 0.849
19 2 284 339 1202 377 9037 0.974 48243 0.147 1.16E-03 0.991 0.757 1056 0.124 0.846
19 2 284 339 1198 377 9104 0.880 49955 0.147 1.17E-03 1.000 0.757 1132 0.124 0.804
19 2 284 339 1203 377 9168 0.898 49501 0.146 1.17E-03 1.000 0.757 1112 0.124 0.805
19 2 284 339 1204 378 8483 0.790 48929 0.160 1.18E-03 1.011 0.757 1087 0.124 0.723
19 2 284 339 1205 378 8666 0.803 48638 0.157 1.18E-03 1.011 0.757 1074 0.124 0.731
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
19 2 284 339 1207 381 7576 0.704 49141 0.179 1.18E-03 1.011 0.757 1096 0.124 0.678
19 2 284 339 1208 380 7919 0.720 49047 0.172 1.18E-03 1.014 0.757 1092 0.124 0.674
19 2 284 339 1196 394 4602 0.492 50610 0.297 1.19E-03 1.016 0.757 1162 0.124 0.405
19 2 284 339 1199 394 4588 0.368 50520 0.299 1.20E-03 1.021 0.757 1158 0.124 0.368
19 2 284 339 1196 405 3455 0.245 51022 0.397 1.20E-03 1.020 0.757 1181 0.124 0.233
19 2 284 339 1196 406 3346 0.246 51046 0.410 1.20E-03 1.021 0.757 1182 0.124 0.214
19 2 284 339 1196 408 3223 0.228 50965 0.426 1.20E-03 1.022 0.757 1178 0.124 0.191
19 2 284 339 1194 412 2971 0.191 51448 0.462 1.20E-03 1.023 0.757 1201 0.124 0.156
19 2 284 339 1196 413 2955 0.193 51310 0.465 1.20E-03 1.023 0.757 1194 0.124 0.149
19 2 284 339 1198 412 3003 0.221 51093 0.458 1.20E-03 1.024 0.757 1184 0.124 0.153
19 2 284 339 1190 427 2311 0.092 52091 0.595 1.21E-03 1.024 0.757 1231 0.124 0.072
19 2 284 339 1198 423 2457 0.111 51827 0.561 1.20E-03 1.025 0.757 1218 0.124 0.079
19 2 284 339 1203 423 2487 0.129 51353 0.555 1.20E-03 1.026 0.757 1196 0.124 0.080
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
19 2 285 339 1202 428 2300 0.088 51425 0.601 1.20E-03 1.028 0.757 1199 0.124 0.056
19 2 285 339 1201 430 2209 0.098 51567 0.626 1.20E-03 1.027 0.757 1206 0.124 0.049
19 2 285 339 1198 436 2049 0.027 52080 0.675 1.21E-03 1.029 0.757 1230 0.124 0.033
19 2 285 339 1196 436 2063 0.042 52331 0.672 1.21E-03 1.030 0.757 1242 0.124 0.031
19 2 285 339 1196 441 1923 0.046 52583 0.721 1.21E-03 1.031 0.757 1254 0.124 0.021
20 2 283 339 1418 379 8242 0.980 35468 0.162 9.87E-04 0.984 0.757 572 0.124 0.839
20 2 283 339 1378 379 8093 0.919 38297 0.166 1.02E-03 0.992 0.757 667 0.123 0.795
20 2 282 338 1374 379 8121 0.938 38280 0.166 1.03E-03 0.993 0.757 666 0.123 0.792
20 2 283 339 1379 379 8038 0.884 39044 0.168 1.03E-03 0.995 0.757 693 0.124 0.775
20 2 283 339 1385 379 8090 0.930 38152 0.168 1.03E-03 0.997 0.757 661 0.124 0.768
20 2 283 338 1392 379 8043 0.887 37216 0.169 1.02E-03 0.999 0.757 629 0.124 0.753
20 2 283 338 1381 379 7995 0.894 38182 0.170 1.03E-03 1.000 0.757 662 0.124 0.746
20 2 283 338 1371 380 7916 0.832 39437 0.172 1.04E-03 1.000 0.757 707 0.124 0.742
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
20 2 283 339 1377 381 7554 0.785 40060 0.180 1.04E-03 1.002 0.757 729 0.124 0.713
20 2 283 339 1369 381 7340 0.752 40577 0.186 1.04E-03 1.003 0.757 748 0.124 0.696
20 2 283 339 1364 382 7242 0.751 41114 0.189 1.05E-03 1.004 0.757 768 0.124 0.681
20 2 283 338 1376 381 7546 0.762 39484 0.182 1.05E-03 1.008 0.757 708 0.124 0.675
20 2 283 338 1353 380 7656 0.754 41088 0.179 1.06E-03 1.008 0.757 767 0.124 0.680
20 2 283 339 1342 382 6968 0.688 42240 0.197 1.07E-03 1.009 0.757 811 0.124 0.638
20 2 284 339 1371 387 5834 0.597 42243 0.236 1.05E-03 1.011 0.757 810 0.124 0.535
20 2 284 339 1389 385 6250 0.636 39927 0.221 1.04E-03 1.011 0.757 724 0.124 0.564
20 2 283 338 1371 390 5160 0.520 40777 0.268 1.06E-03 1.016 0.757 755 0.124 0.442
20 2 283 338 1362 393 4803 0.491 41648 0.289 1.06E-03 1.016 0.757 788 0.124 0.405
20 2 284 339 1366 404 3557 0.277 42422 0.390 1.06E-03 1.018 0.757 817 0.124 0.241
20 2 284 339 1368 404 3584 0.281 42020 0.388 1.07E-03 1.019 0.757 801 0.124 0.234
20 2 284 339 1369 404 3576 0.275 41925 0.389 1.06E-03 1.019 0.757 798 0.124 0.236
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Table 1. Summary of developing post-dryout test data. (cont.)
Case Test System Inlet Mass Wall Heat Exp. Reg Jag Bo q′′/q′′CHF Prg Weg P/Pc Pred.
ID Section Pressure Temp. Flux Temp. Transfer LCF LCF
Config. Coeff.
KPa K kg/m2s K W/m2K
20 2 284 339 1363 422 2525 0.104 42998 0.551 1.07E-03 1.021 0.757 839 0.124 0.091
20 2 284 339 1356 424 2451 0.094 43441 0.569 1.08E-03 1.022 0.757 856 0.124 0.079
20 2 284 339 1344 436 2078 0.026 44784 0.672 1.09E-03 1.024 0.757 910 0.124 0.038
20 2 284 339 1339 437 2046 0.018 45492 0.684 1.09E-03 1.025 0.757 939 0.124 0.034
20 2 284 339 1355 442 1929 0.003 44912 0.726 1.08E-03 1.026 0.757 915 0.124 0.023
20 2 284 339 1360 440 1976 0.007 44265 0.709 1.08E-03 1.027 0.757 889 0.124 0.025
20 2 284 339 1364 437 2055 0.023 43340 0.682 1.08E-03 1.027 0.757 852 0.124 0.029




This appendix contains high speed videos of various two-phase flow regimes en-
countered in flow boiling.
As heat is added to a fluid flowing inside of a channel the first flow regime to be
encountered is bubbly flow. Below is a high speed video of bubbly flow in the EVeL facility:
As additional heat is added the bubbles get larger and start to coalesce forming cap
shaped bubbles and the cap bubbly flow regime is encountered. Below is a high speed video
of cap bubbly flow in EVeL:
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Further heat addition results in the slug flow regime followed by the churn-turbulent flow
regime. Below is a high speed video of churn-turbulent flow in EVeL:
With additional heat the annular flow regime is encountered and subsequently CHF
is reached. Below is a high speed video of the transition from annular flow to dryout CHF.
As the annular film dries out small liquid droplets can be observed in the core of the flow
(on the right half of the video):
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